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ICOM is proud to announce 
B most advanced amateur 
~nsceiver in communications 
dory. Based on ICOM's 

proven high technology and 
wide dynamic range HF receiver 
designs, the IC-754 is a 
competition grade ham 
receiver, a IOOKHz to 30 MHz 
continuous tuning general 
coverage receiver, and a full 
featured all mode solid state 
ham band transmmer, that 
covers all the new WARC bands. 

bd with the optional internal 
: power supply, it becomes 
be compact, portable/field 
~y package. 

Receiver. Utilizing an ICOM 
developed J-FET DBM, the IC-751 
has a 105dB dynamic range. 
The 70 451 5MHz first IF virtually 
eliminates spurious responses. 
and a high gain 9.0115MHz 
second IF, w~th ICOM's PBT 

selectivity. A deep IF notch filter, 
adjustable AGC and noise 
blanker (can be adjusted to 
eliminate the woodpecker . 
audio tone control, plus RI ? with 
separate readout provides easy- 
to-adjust, clear reception even 
in the presence of strong QRM or 
high noise levels. A low noise 
receiver preamp provides 
exceptional reception sensitivity 
as reauired. 

Transmitter. The transmitter 
features high reliability 2SC2097 
transistors in a low IMD (-32dB 
I W ) ,  full 100% dutv cycle 
~ntemal cooling fan standard). 1 2 volt DC design, Quiet relay 

selection of transmitter LPF's. 
transmit audio tone control. 
monitor circuit (to monitor your 
own CW or SSB signal). XIT, and 
a high performance speech 
processor enhance the IC-751 
transmitter's operation. Fm the 
CW operator. semi break-in or 
full QSK is provided for smooth, 
fast break-in keying. 

Dual MO. Dual VKYs 
controlled by a large tuning 
knob provide easy access to 
split frequencies used in DX 
operation. Normal tuning rate is 
in 10Hz increments and 
increasing the speed of rotation 
of the main tuning knob shifts 
the tuning to 100Hz increments 
automatically. Pushing the 
tuning speed button gives 1KHz 
tuning. D~gital outputs are 
available for computer control of 
the transceiver frequency and 
functions, and for a synthesized 
voice frequency readout. 

32 Memories. Thirty two 
tunable memories ore provided 
to store mode, VFO, and 
frequency, and the CPU is 
backed by an internal lithium 
memory backup batten/ to 
maintain the memories for up to 
seven years. Scanning of 
frequencies, memories and 
bands are possible from the unit. 
or from the HM 12 scanning 
microphone. In the Mode-S 
mode, only those memories with 

a particular mode ore scanned 
others are bypassed. Data ma! 
be transferred between VFO's. 
from VFO to rnemortes, or from 
memories to VFO. 

Standard Feohrres. All of thc 
above features plus FM unit, higt 
shape factor FL44A. 455 Khz SSB 
filter, full function metering. SSB 
and FM squelch, convenient 
large controls, FM option. a large 
selection of plug-in filters, and a 
new high visibility multr-color 
flourescent display that shows 
frequency in white, and other 
functions in white or red, make 
the IC-751 your best choice for a 
superior grade HF base 
transceiver. 

Options. External frequenq 
controller, external PSI5 power 
supply, internal power supply. 
high stability reference crystal 
(less than 100Hz. -10 C to .M)'C: 
HM12 hand mic. desk mic, filter 
options: SSB: FL30 

CWN: FL5X FL53A 
AM: FL33 

The World Svsten 
d 
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MFJ RTTY I ASCII I CW 
COMPUTER INTERFACE 
Lets you send and receive computerized RTTYIASCIIICW. Copies all 
shifts and all speeds. Copies on both mark and space. Sharp 8 Pole active 
filter for 170 Hz  shift and CW. Plugs between your rig and VIC-20, Apple, 
TRS-IOC, Atari, TI-99, Commodore 64 or most other personal computers. 
Uses Kantronics software and most other RTTYICW software. 

Copies on both mark and space tones. 
Plugs between rig and VIC-20, Apple, 
TRS-BOC, A tari, TI- 99, Commodore 
64 and most other personal computers. 
Uses Kantronics software and most 

$9gg5 
MFJ-1224 

other RTTY/CW software. 
Thls new MFJ-1224 RTTY/ASCII/CW Computer crashes for better copy. AFSK tones and RTTY/ASCII/CW reception. 

Interface lets you use your personal computer as a A Normal/Rsverse Swltch ellmlnatm retuning Alumlnum wblnet. Brushed aluminum front panel. 
computerized full featured RTTY/ASCII/CW station while stepping thru various RTTY speeds and shifts. 8x1 %x6 inches. Uses 12-15 VDC or 110 VAC with op- 
for sending and receiving. The demodulator will even maintain copy on a tional adapter. MFJ-1312. $9.95. 

I t  plugs between your rig and your VIC-20. Apple, slightly drifting signal. 
TRS-BOC, Atari, Ti-99, Commodore 64, and most A +250 VOC loop output is available to drive your RTTYIASCIIICW Reeeive Only 
other personal computers. RTTY machine. Has convenient speaker output jack. 

I t  user the Kantmnlcs sottwem which features split Phase continuous AFSK tntnsmittftr tones are SWL w e r  Interface 
screen display, 1024 character type ahead buffer, 10 generated by a clean, stable Exar 2206 function gen- 
message ports (255 characters each), status display, erator. Standard space tones of 2125 Hz and mark 
CW-ID from keyboard, Centronic type printer tones of 2295 and 2975 HZ are generated. A set of $6gg5 
compatibility, CW send/receive 5-99 WPM, RTTY microphone lines is provided for AFSK Out, AFSK 

- - MFJ-1225 
send/receive 60, 67, 75, 100 WPM, ASCII send/ ground, PTT out and PTT ground. Use your personal computer to recelve commercial, 
receive 110, 300 baud plus more. FSK keylng is provided for transceivers with FSK. mllltary and amateur RTTY/ASCII/CW traffic. 

You can also use most other RTTY/CW software High veltage grld block and direct outputs are The MFJ-1225 automatically copies all shifts (850, 
with nearly any personal computer. p rw~ded  for CW keying of your transmitter. A CW 425, 170 Hz shift and all others) and all speeds. 

A 2 LEO tunlng Indlwtor sptem makes tunlng transmit LED provides visual indication of CW trans- It plugs between your receiver and VIC-20. ~ p p l e ,  
fast, easy and positive. You can distinguish between mission. There is also an external hand key or TRS-BOC. Atart. TI-%. hnmodore 64and most other 

RTTY/CW without even hearing it. electronic keyer input jack. personal computers. 
Once tuned In, the interface allows you to copy any In addltlon to the Kantronics compatible socket, an It KantrOnics 'Oftware which features CW re- 

shift (170. 425, 850 Hz and all shifts between and be- exclusive general purpose socket allows interfacing to ~~~~1 ~~~;e6y3'0"0"2~~d7r;P/;~~~ WPM- 
yond) and any speed (5 to 100 WPM on RTTYICW nearly any personal computer wlth most appropriate A, automatic noise helps suppress 
and up to 300 baud on ASCII). software. The following TTL compatible lines are crashes for better copy, while a simple LED tuning 

Coples on both mark and space, not mark only or available: RTTY demod out, CW demod out, CW-ID indicator system makes tuning fast, easy and 
space only. If either the mark or space is lost the input, +5 VDC, ground. All signal lines are buffered In addition to the Kantroniw compatible socket, a 
MFJ-1224 maintains copy on the remalning tone. and can be inverted using an internal DIP switch. general purpose socket provides RTTY out, RTTY in- 
Thlsgreatly improvescopy under adverseconditions. For example, you can use Galfo software w!th verted out, cW CW inverted out, ground and 

Asharp8 pole actlve flltsr for 170 Hz shift and CW Apple computers, or RAK software with VIC-20 s. +5VDC for interfacing to nearly any personal 
allows good copy under crowded, fading and weak Some computers with some software may require computer most appropriate software, 
signal conditions. Uses FET input Op-amps. some external components. Audio In. speaker out jacks. 4%x1 %x4'/r in. 12-15 

An automatic nolse llmlter helps suppress Static OC voltages are IC regulated to provide stable VDC or 110 VAC with ada~ter, MFJ-1312, $9.95. 

OBLIGATION. IF NOT DELIGHTED, RETURN WITH- 
IN30 DAYS FOR PROMPT REFUND (LESSSHIPPING). 

One year umondltlonal guarantee Made in USA. 
Add $4.00 each shipplng/handling Callorwrlta MFJ ENTERPRISES, INC. 

Box 494, Mlsslrslppl State, MS 39762 1 

DEALER, CALL TOLL-FREE 

800-647-1800. call 
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SPECIAL REPORT: W5LFL and SPACELAB STS-9 
A three- hour teleconference callon June9 brought together representatives of NASA, AMSA T, the broadcastiiig industry, andseveral key figures in Ama- 
teur Radio publishing. The subject: the 9-day STS Spacelab Mission of Dr. Owen Garriott, W5L FL. While this page is normally reserved for the ed~torial 

and was scheduled this month to include the 1983 ham radio Reader Survey - we gladly postpone both in order to bring you details of the project 

For the f i rst t ime i n  the  history of the space program, individual citizens will be able to talk directly with 
an astronaut in space when NASA mission specialist Dr. Owen Garriott, W5LFL, attempts to contact as 
many Amateurs worldwide as possible during the last five days of the STS-9 spacelab mission, scheduled 
for launch on September 30. 

W5LFL will be able to operate only during his leisure time periods, expected to be one hour per day, for a 
mission total of five hours. He will transmit on the even minutes for one minute and listen on the next odd 
minute while logging and tape recording what he hears. He will then acknowledge call signs heard on the 
next even minute. It is expected that he will QSO approximately 500 hams worldwide and be heard by 
300,000. The ARRL will act as QSL manager and provide acknowledgements for all verified QSOs and 
SWL reports. 

The equipment aboard the spacecraft will be a multichannel black box transceiver capable of 5 watts 
output from its battery power. The station, located on the aft flight deck of the space shuttle orbiter 
Columbia, will use a printed circuit loop antenna mounted on the upper crew compartment window. 

Operation will take place on uplink frequencies (earth to space) of 144.910-145.470 (possibly no higher 
than 145.190) in 20 kHz steps while the downlink frequencies (space to earth) will be 145.510-145.770 (2 or 3 
specific frequencies will be chosen), also in 20 kHz steps. Mode of operation will be 2-meter fm (split). 

The 57-degree inclination, 90 minute, 155 mile altitude orbit will enable most of the earth's land mass to 
be (line-of-sight) visible from the spacecraft during a typical day, though any specific location will have an 
8-minute maximum pass. 

AMSAT recommends that ground station equipment consist of no more than a 10-15 watt 2-meter 
transceiver feeding a high lobe (80-90 degrees would be ideal) turnstile antenna mounted above any ob- 
structions. They do not recommend using more elaborate antennas (such as a cross-Yagi). 

A combined effort on the part of many individuals and organizations: this project is the result of a joint 
proposal by the ARRL and AMSAT to NASA. Earlier proposals to place an Amateur Radio transceiver 
aboard an orbiting U.S. spacecraft date back to the early '70s, when a project called "SKYLARC" - Sky- 
lab Amateur Radio Communications - was planned but scrubbed because it came too late in the develop- 
ment of the program. The present proposal was recently accepted by NASA, with the only restrictions 
related to non-interference with higher priority mission objectives, systems and, of course, safety. 

Starting in mid-July the ARRL is expected to provide a 900 telephone number for the latest orbital infor- 
mation. Other sources of information are NASA itself, which will provide a timetable (flightline) of the 
operation, and Westlink, whose report can be heard by calling (213) 465-5550. 

The ARRL is also planning a videotape presentation featuring Dr. Garriott. Hosted by NBC's Roy Neal, it 
will document the role of Amateur Radio and Amateur Radio operators throughout the STS-9 mission. 

This is truly a unique occasion for Radio Amateurs to show the world how they can contribute to tech- 
nology and public awareness. Each Amateur will provide quite some service if he is able to acquire the sig- 
nal, tape record it and contact the local media with details of the QSL and perhaps even a recording of any 
voice contact. Reporters may want to play the tape over their broadcast stations or transcribe it for news- 
paper use. 

So clean up the shack, tape record everything you hear, and goodluck! 
Rich Rosen, KZRR 
Editor-in-Chief 

'credit where it's due 
A short list of just some of the people instrumental In bringing about this effort is definitely in order: General James Abrarnson. Assistant 

Administrator of NASA, who gave final approval for Amateur operation on the mission: Bern~e Glassmeyer, WSKDR, ARRL Space Program 
Manager; Peter O'Dell. KBIN, ARRL Public Information Coordinator; Steve Mendelsohn, WAZDHF, CBS technlc~an and Vice-Director of the 
Hudson Division of the ARRL; Rich Moseson. NZBFG. Associate Producer, CBS News; Bill Tynan, W3XO. VHF Contributing Edltor, QST; Roy 
Neal. KGDUE. NBC Sclence Editor: Vern Riportella. WAZLQQ, AMSAT President-Elect; and Bill Pasternak. WAGITF, Editor, Westlink Report 
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" MAXCOM " 
AUTOMATIC ANTENNA MATCHER 

TUNES 

ONE ANTENNA 

V S W R  LESS T H A N  1.5:1 

WITH NO ANTENNA TUNING 

* NO MOVING P A R T S  ! 

* 5 YEAR WARRANTY ! 

* INSTANT SWITCHING ! 

* 5 0  OHM INPUT ! 

* LOW NOISE ! 

* DIPOLE ! 

* MARINE ! 

* AMATEUR ! 

100% SOLID S T A T E  ! - 

NO CONTROL LEADS ! 

LIGHT WEIGIIT ! - 

HIGH EFFICIENCY ! 

200  T O  2KW. Y.E.P. ! 

LONG WIRE ! 

MILITARY ! 

AVIONICS I 

AT  LAST ! A RADIO STATION INSTALLATION T H A T  I S  J U S T  T H A T  ! 
"INSTALLATION ONLY" 

NO MORE T I M E  CONSUMING, FRUSTRATING AND COSTLY ANTENNA TUNING. 

ONE ANTENNA FOR ALC FREQUENCIES  AND BANDS FROM: - 
.3 MHz.  T O  70 MHz.  - 

S E E  YOUR LOCAL DEALER FOR MORE INFORMATION, I F  HE CAN'T HELP YOU 
ASK WHY ? 

AND CONTACT: 

MAGNIJM DISTRIBU'I'ORS INC. 1 0 0 0  S .  DIXIE  HWY. POMPANO BHACI-I, FLORIDA. 33060 
305-785-2002 

W E  WILL GLADLY FURNISH INFORMATION AND YOUR C L O S E S T  STOCKING DEALER ! 
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FCC's "NO MAILBACK" NOVICE EXAM PROPOSAL WAS APPROVED J u n e  29 by t h e  Commissioners and 
goes  i n t o  e f f e c t  by t h e  end o f  Augus t .  Under t h e  new p r o c e d u r e ,  p roposed  i n  PR-Docket 
8 2 - 7 2 7 ,  a  Genera l  C l a s s  o r  h i g h e r  Amateur w i l l  make up a Novice exam from a  bank o f  200 
FCC approved q u e s t i o n s ,  t h e n  b o t h  a d m i n i s t e r  and g r a d e  i t  h i m s e l f .  H e ' l l  t h e n  s imply  ad-  
v i s e  FCC's G e t t y s b u r g  o f f i c e  i f  t h e  a p p l i c a n t  p a s s e s ,  and t h e y ' l l  i s s u e  a  l i c e n s e .  

The New Procedure  Should Cut L i c e n s i n g  For  A Novice t o  a  f r a c t i o n  o f  i t s  c u r r e n t  t u r n -  
a round  t i m e ,  and s a v e  t h e  Commission a  good d e a l  o f  money a s  w e l l .  The l i s t  o f  200 q u e s -  
t i o n s  and p r o c e d u r a l  d e t a i l  s h o u l d  b e  r e a d y  f o r  d i s t r i b u t i o n  by  m i d - J u l y .  

"Bus iness  Communications" Was Another  I s s u e  Addressed a t  t h a t  same m e e t i n g ,  r e s u l t i n g  
i n  t h e  a d o p t i o n  o f  a n  " I n t e r p r e t i v e  O r d e r . "  A new p a r a g r a p h  h a s  been  added t o  Rules  
P a r t  E  ( P r o h i b i t e d  P r a c t i c e )  which s t a t e s  s imply  t h a t  b u s i n e s s  communications a r e  p r o -  
h i b i t e d  and t h e n  d e f i n e s  b u s i n e s s  communications a s  " . . . a n y  t r a n s m i s s i o n  . . .  t o  f a c i l i t a t e  
t h e  r e g u l a r  b u s i n e s s  o r  commercial  a f f a i r s  o f  any p a r t y . "  which i s  t h e  d e f i n i t i o n  now 
found i n  (Amateur s e c t i o n )  P a r t  9 7 . 1 1 4 ( c ) .  I t s  a p p l i c a t i o n  was a l s o  s p e c i f i c a l l y  ex tended  
t o  o v e r s e a s  t h i r d - p a r t y  t r a f f i c .  

FCC's P r o p o s a l  To Change Power L i m i t s  And Measurements from dc i n p u t  t o  r f  o u t p u t  may 
a l s o  make i t  t o  t h e  Commissioners 'agenda b e f o r e  t h e y  a d j o u r n  f o r  August r e c e s s .  

The Ancien t  I s s u e  Of Amateur " B r o a d c a s t i n  " may a l s o  t u r n  up on t h e  Commission agenda 
i n  t h e  n e a r  f u t u r e .  Most r e c e n t l y  a t  i s s u e  $as t h e  r e b r o a d c a s t  o f  Space S h u t t l e  communi- 
c a t i o n s ,  b u t  t h e  q u e s t i o n  o f  what c o n s t i t u t e s  " b r o a d c a s t i n g "  i n  t h e  Amateur S e r v i c e  and 
when a n  Amateur " b r o a d c a s t "  i s  i u s t i f i e d  h a s  n e v e r  been  f o r m a l l v  a d d r e s s e d  bv t h e  FCC. 

I n f o r m a l  Comments And Su g e s i i o n s  On The B r o a d c a s t i n  c o u l d  p r o v e  h e l p f u l  a t  
t h i s  t i m e ,  when t h e  i s s u e  i: s t i l l  i n  t h e  d i s c u s s i o n  s t i g e .  C o n t a c t  P e r s o n a l  Radio Branch 
Chief  ~ o h n  Johns  t o n  o r  P r i v a t e  Radio Bureau Chief  James G c ~ i n n e ~ .  

CONTACTS WITH W5LFL/SPACE DURING SKYLAB'S OCTOBER VOYAGE w i l l  n e c e s s a r i l y  b e  q u i t e  l i m -  
i t e d ,  w i t h  no more t h a n  500 l u c k y  Amateurs l i k e l y  t o  h e a r  t h e i r  c a l l s  t o  s p a c e  acknowledged 
by A s t r o n a u t  Owen G a r r i o t t  a s  he  p a s s e s  o v e r h e a d .  An o p e r a t i n g  p r o c e d u r e  h a s  a l r e a d y  been  
e s t a b l i s h e d  ( s e e  t h i s  month ' s  e d i t o r i a l  f o r  t h i s  and o t h e r  t e c h n i c a l  i n f o r m a t i o n ) .  

F i n a l  D e t a i l s  W i l l  Become A v a i l a b l e  a s  t h e  l a t e  September l aunch  d a t e  a p p r o a c h e s .  Check 
ARRL b u l l e t i n s ,  AMSAT n e t s ,  and W e s t l i n k ' s  213-465-5550 l i n e  a f t e r  mid-September. 

OSCAR 10 I S  UP AND LOOKING GOOD,  f o l l o w i n g  a  t e x t b o o k  A r i a n e  launch  a t  11592 J u n e  1 6 .  
17 m i n u t e s  i n t o  l aunch  OSCAR 10 s e p a r a t e d ,  e n t e r i n g  a  h i g h l y  e l l i p t i c a l  temporary o r b i t .  
Due t o  a  l e s s  t h a n  i d e a l  a t t i t u d e  t h e  f i r s t  t h r u s t  motor burn  was d e l a y e d  u n t i l  t h e  end o f  
J u n e ;  t h e  l a s t  b u r n  ( t o  f i n a l  o r b i t )  s h o u l d  be  mid- t o  l a t e - J u l y ,  a f t e r  which t h e  Mode B 
t r a n s p o n d e r  w i l l  be  t u r n e d  o n .  ?:ode1 L  (1268 t o  436 MHz) w o n ' t  b e  t u r n e d  on u n t i l  l a t e r .  

OSCAR l o ' s  145 .810  MHz Beacon Has Been Put t - ing  Out an e x c e l l e n t  s i g n a l .  w i t h  a  f i v e  
m i n u t e  CW " s t a t u s  r e p o r t "  e v e r y  h o u r  and h a l f  hour  and t e l e m e t r y  d a t a  i n  be tween .  Due t o  
t h e  200 by 3 9 , 0 0 0  k i l o m e t e r  e l l i p t i c a l  o r b i t ,  t h e  beacon h a s  been a u d i b l e  i n  t h e  midwest 
f o r  more t h a n  8 h o u r s  a t  a  t ime  w i t h  s l o w l y  changing az imuth  and e l e v a t i o n  b e a r i n g s .  

THE FUTURE OF THE VOLUNTEER AMATEUR EXAM PROGRAM h a s  been  c louded  by a n  a p p a r e n t  ARRL 
p o l i c y  change i n c o r p o r a t e d  i n  i t s  Reply Comments on t h e  exam program NPRM, PR Docket 8 3 - 2 7 .  
T h e i r  new p o s i t i o n ,  which i s  r e p o r t e d  t o  have taken  t h e  commission by s u r p r i s e ,  i s  t h a t  t h e  
League w o u l d n ' t  p a r t i c i p a t e  i n  t h e  v o l u n t e e r  program u n l e s s  i t  was p e r m i t t e d  t o  r e c o v e r  
c o s t s  o f  o ~ e r a t i n g  t h e  uroeram bv c h a r z i n g  a ~ ~ l i c a n t s  a n  e x a m i n a t i o n  f e e .  

Sen .  ~ a > r  ~ o l z w a t e r ;  K ~ U G A ,  h o s e  Eonnkni 'cat ions Act  Rewr i te  p r o v i d e d  t h e  means f o r  
s e t t i n g  up t z e  v o l u n t e e r  program, h a s  j u s t  t o l d  WA6ITF o f  Wes t l ink  t h a t  he  i s  c o m p l e t e l v  
opposed t b  any such  f e e .  - ~ o i d w a t e r  d o e s ,  however ,  s u p p o r t  t h e  League a g a i n s t  "NO-code ."  

AMSAT WILL OPPOSE OPENING 29-29 .5  MHz TO REPEATERS, a s  p roposed  i n  FCC's PR Docket 
83-485. Comments were due J u l y  25 ,  and Reply Comments w i l l  b e  due August 2 4 .  

ALL AMATEUR LOG KEEPING REQUIREMENTS HAVE BEEN DROPPED by t h e  FCC, i n c l u d i n g  t h o s e  
c o n c e r n i n g  l o g g i n g  o f  r e p e a t e r  a u t o p a t c h e s  and even o v e r s e a s  t h i r d - p a r t y  t r a f f i c .  Though 
a n  Amateur may s t 1 1 1  keep a l o g  f o r  h i s  own u s e .  i t ' s  no l o n g e r  a  P a r t  97 r e a u i r e m e n t .  

However, sbme  elated- 1nfor;ation P r e v i o u s l y  Requi red  under  P a r t  9 7 . 1 0 3  mdst s t i l l  be  
k e p t  b u t  h a s  been moved t o  o t h e r  p a r t s  o f  t h e  r u l e s .  Examples i n c l u d e  much o f  t h e  i n f o r -  
mat ion  p e r t a i n i n g  t o  r e m o t e l y  c o n t r o l l e d  s t a t i o n s  and t h e i ;  s e c u r i t v  

I n  A- "streaml:ningfl ~ o v e , ~ ~ h e  FCC Has Also Adopted a  number of o'ther r u l e s  changes .  A 
s t a t i o n  o p e r a t i n g  ATV o r  RTTY, f o r  example ,  now need  i d e n t i f y  o n l y  i n  t h e  mode i n  which 
h e ' s  o p e r a t i n g .  -An i n t e r i m  p e r m i t  may how b e  renewed,  and t he  r u i e s  now s p e l l  o u t  t h e  
r i g h t  o f  t h e  Commission t o  i n s p e c t  an Amateur s t a t i o n .  

ERIC SHALKHAUSER, W9C1, PASSED AWAY J u n e  9 .  Me was one of  t h e  few remain ing  a c t i v e  
Amateurs from b e f o r e  WWI and among h i s  many accomplishments  were h i s  d e s i g n s  of  t h e  RME 69 
and 70 p l u s  many o t h e r  o u t s t a n d i n g  r e c e i v e r s  and c o n v e r t e r s  f o r  Amateurs .  

8 August 1983 



HF, 
VHF, 
UHF, Across the spectrum. 
VARlAN EIMAC. 
Ham operators know that High quality and long life make VARlAN AG 
EIMAC started in power tube de- EIMAC tubes the favorite choice Grienbachstrasse 17 
velopment with the 150T in 1934. of operator and equipment Postfach 
While the 150T is now a collec- builder, amateur and profes- CH-6300 Zug, Switzerland 
tor's item. EIMAC. a division of sional alike. Tel: (042) 31 66 55 
Varian, still ho~ds'leadershi~ in 
power tube design with its 
4CX250B, 8874,3-5002,8877 and 
3CX400U7; modern examples of 
EIMAC's continuing, innovative 
solutions to tough communica- 
tion requirements. 
EIMAC's proven power tubes are 
used in amateur service for 
heavy-duty, reliable perform- 
ance in traffic; R m ,  SSTV; DX 
operation; VH FlUH F work; 
moonbounce, and exploration 

For communication and re- 
search worldwide, choose 
EIMAC. For information on 
VARIAN EIMAC power tubes, 
call or write today. Or contact 
the nearest Varian Electron De- 
vice Group sales office. 

VARlAN EIMAC 
301 Industrial Way 
San Carlos, California 94070 
415592-1221 

VARlAN EIMAC 
of the outer limits of communi- 1678 S. Pioneer Road 
cation techniques across the Salt Lake City, Utah 84104 
spectrum. 801-972-5000 

varian 

More Details? CHECK - OFF Page 108 fl 194 August 1983 9 



ments 

cause they did. 
u .' illogical 

no code 
Dear HR: 

Isn't all this wailing against a "no- 
code" license a little illogical? 

Code became a licensing require- 
ment because all radio communica- 
tion then was by code. Today, almost 
none is. Only a few Amateurs and a 
handful of outmoded commercial and 
maritime services use CW and code. 

In today's hyper-electronic age, re- 
quiring code proficiency in order to 
operate a radio-telephone (which is 
all most hams want to do) is like mak- 
ing you learn to ride a motorcycle well 
in order to get a license to drive an 
automobile. Silly, eh? 

Some people like motorcycles. 
They're fun, I'm sure. And they get 
you where you want to go, like auto- 
mobiles do. But there the resem- 
blance ends. The number of motor- 
cycles in use probably compares with 
the number of automobiles in use in 
about the same ratio as the number 
of active CW stations compares with 
the number of active SSB stations. 
CW is fun, and I was a "CW Forever" 
ham for fifty-four years until I was 
given a mike. And CW provides com- 
munications, like SSB. But again - 
there the resemblance ends. 

Once, you had to know code to use 
radios. Today you don't. The great 
majority of newly licensed hams for- 
get the code as soon as they get on 
the air. Many never even own a tele- 
graph key. 

It would seem that those hams 
most outspoken against the "no- 
code" license simply feel that every- 
body should suffer like they did be- 

Human, perhaps, but 

Forcing people to learn code has 
not filled our CW bands. Count the 
CW signals any time of the day be- 
tween 14000 and 14200, and the SSB 
carriers between 14200 and 14350 
and see how they compare. Sad, isn't 
it? Do we want to lose all that unused 
space to some other (and more press- 
ing) service - and we will, you can 
bet on it - or stop pushing an anach- 
ronism and let the 'phones use it for 
expansion, as is now happening? 

To paraphrase an old saying, "You 
can force a ham to learn the code, 
but you can't make him use it." Let's 
get smart. 

Bi l l  Lipprnan, W6SN 
Pacific Palisades, California 

converting TV 
Dear HR: 

The article by Carl Gregory, K8CG, 
(ham radio, April, 1983) on convert- 
ing TV sets to video monitors for 
computer use was well done and in- 
formative, but he missed an impor- 
tant (and very simple) method of im- 
proving performance. 

A couple of years ago I found my- 
self in need of a video monitor for 
computer and high resolution VCR 
use and I too decided to convert a TV 
set. Don Lancaster covers the subject 
beautifully in Chapter 8 in his TV 
Typewriter Cookbook. Following his 
instructions, I converted a Motorola 
20TS chassis. It worked well, but 
showed the same defects as K8CG's 
"simplest approach" solution - 
mainly, blurred pixels in computer 
use. 

The situation was vastly improved 
by simply including another Lancas- 
ter suggestion: shorting out the 4.5 
MHz sound trap in the output of the 
final video amplifier. As long as the 
sound trap is in the circuit, the set's 
video response has a big hole in it. 
With the short rise times in the com- 
puter generated signal, such a gap in 
response can be fatal. 

I will not deny that K8CG's ap- 
proach using an external video ampli- 
fier tied directly to the CRT cathode is 
superior (especially in terms of con- 
trast and the best possible video 
bandwidth), but for those of us who 
are essentially too lazy to go that 
route, the sound trap refinement will 
make the easier route adequate for 
most purposes. Both the Betamax 
and TRS-80 Model I seem to be 
happy with the simpler approach, and 
SO am I. 

Tom Adams, K9TA 
Marinette, Wisconsin 

CATVI 
Dear HR:  

After seeing all the articles written 
in various magazines last year on 
CATVI, I did not think it could hap- 
pen to me. I felt an underground 
cable system should be virtually prob- 
lem-f ree. 

I am now involved with a complaint 
to the FCC and writing this letter to 
warn other hams one more time. You 
need to keep a constant surveillance 
on your cable system for leaks. One 
of the easier frequencies to watch is 
145.250 and 144.0 if you're on an 
HRC system. To be sure of the fre- 
quencies used, contact your local 
cable office and ask the engineer in 
charge. A new cable installation can 
easily cause TVI to your entire neigh- 
borhood if it is not installed correctly. 
Also keep in mind that your cable sys- 
tem does not have to use a ham band 
frequency before you can cause inter- 
ference to a cable system. 

Ron Hooper, WB4NMA 
Gainesville, Georgia 
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Demystifying 
PLL synthesizer design 

rf synthesizers 
for high-frequency communications: 

part 1 
PLL frequency synthesis has become the domi- 
nant frequency generation technique in modern 
communications equipment as a result of the in- 
creased availability of PLL oriented ICs. This, in turn, 
has enabled the design of compact-low-power, inex- 
pensive synthesizers. While this technology has been 
accessible for some time, it's necessary to under- 
stand how PLL synthesizers work before trying to de- 
sign or build one. 

the phase-locked loop 
There are three basic circuit blocks in a PLL: the 

phase detector, the loop filter, and the voltage-con- 
trolled oscillator (VCO), as shown in fig. 1. 

In a PLL two signals at the phase detector input 
are in phase and therefore matched in frequency. 
Should they not be in phase, the phase detector gen- 
erates an error signal which is filtered and passed to 
the VCO to correct the phase difference. At all times 
the loop tries to maintain zero phase difference be- 
tween the phase detector input signals. A synthe- 
sizer is formed through the addition of a frequency 
divider to the basic PLL, (fig. 2). A zero phase error 
at the phase detector input occurs when the VCO is 
operating at a frequency 

that frequency is a multiple of fREF, simply by chang- 
ing N .  

Fig. 3 illustrates a synthesizer designed to tune 
from 5.000 to 5.500 MHz in 1 kHz steps, using a 1 
kHz reference oscillator and a programmable divider 
with a range of 5000 to 5500. 

phase detector 
The phase detector can be built around either ana- 

log or digital circuitry. However, since it is easier to 
design the PLL around digital phase detectors than 
around analog phase detectors, only the digital 
phase detectors will be discussed. 

Digital phase detectors use gates and flip-flops to 
detect phase and frequency differences. Their output 
are pulses whose average value is a dc voltage that is 
dependent on phase difference. A plot of voltage 
output versus phase difference input of a phase de- 
tector is shown in fig. 4. 

From fig. 4, phase detector gain, Kb, is defined as: 

where A Vour is the averaged phase detector output 
voltage change and AdIN is the input phase dif- 
ference in radians. 

Since + N is a programmable divider, the VCO can By Craig Corsetto, WAGOAA, 4372 Marlowe 
oscillate at any frequency within its range as long as Drive, San Jose, California 95124 
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PHASE 

DErECTOR LOOP FILTER 

'REF WTO ' " c o  

fig. 1. Basic PLL circuit blocks. 

In fig. 4, Kd is: 

PHASE 

D- LOOP FILTER 

Kd is usually given in the manufacturer's specifica- 
tions or in the applications notes for the device. 

'REF - 
I, 

VCO 
The VCO is an oscillator whose frequency is con- 

trolled by an externally applied voltage, V T .  For good 
phase noise performance the VCO usually employs 
an LC or crystal resonator because of the high Q of 
these components. 

The VCO has a gain term, K v c o ,  which is the 
amount of frequency change, Afvco, caused by a 
change in voltage V T ,  on the VCO tune line. 

FREQUENCY DIVIDER 

t N  

fig. 2. Circuit blocks for simple PLL synthesizer. 

+ 
- 

K vCO = 2" Af vco 
A VT 

- O ' v c o  

Since varactor diodes have nonlinear capacitance 
versus voltage characteristics, KVCO is not constant 
over the VCO frequency range. Therefore, two 
values of Kvco should be specified at the two ends 
of the VCO range. 

Fig. 5 illustrates how fvco  varies with V T ,  over a 
frequency range of 5.000 to 5.500 MHz. 

K V c O  = 2~ Af vco 
A VT 

programmable divider 
The programmable divider is a digital circuit that 

provides simple programmable integer frequency di- 
vision. Frequency division is possible to beyond 1 
GHz using available ICs. 

The gain of the programmable divider is: 

Since K N  is a function of N ,  two values of K N  must 
be specified. For example, a synthesizer is required 
to tune 5.00-5.50 MHz in 10 kHz steps. If a simple 
loop is designed as in fig. 2, then the reference fre- 
quency will be 10 kHz and: 

5 MHz N(5 MHz) = = 500 

1 and KN(5 MHz) = N = 0.002 

1 

-2. 

fig. 4. CD4046 phase detector transfer function. 

4- 

PHASE 

D-R LOOP FILTER 
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fREF .I kHz- 

4 

- 
fig. 3. A 5.000-5.500 MHz synthesizer that tunes in 1 kHz 
increments. 

I -  O ' v c o  
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5 .5  MHz N(5.5 MHz) = = 550 
10 kHz 

and K ~ ( 5 . 5  MHz) = = 0.00182 
N 

Programmable dividers are often programmed 
from microprocessors, thumbwheel switches, or dig- 
ital counters which may also drive a display. 

loop filter 
The loop filter is always the last circuit to be de- 

signed because it requires values of K+, Kvco,  and 
KN to determine component values. The other infor- 
mation needed is u p ,  or loop bandwidth, and .$, or 
damping factor. As a rule 

wg I - -  '"'RE' and 0.7 < I < 5 with [ = 1 
loo  

a commonly chosen value. 

The loop filter provides two important functions - 
it filters the error voltage from the phase detector so 
that the VCO receives a "clean" tune voltage (any 
signal or noise on the VCO tune line would modulate 
it), and it .controls the loop parameters. It controls 
loop stability, determines lock time, and influences 
the synthesizer phase noise and spurious signal per- 
formance. Because of its important effect on loop 
performance considerable attention should be placed 
on careful filter design. 

The active loop filter described in fig. 6 provides 
better control over loop parameters than passive 
filters. 

Component values for R I ,  Rp, and C1 are calcu- 
lated as follows: 

C I  

PHASE 

VCO TUNE LINE 

10,'F 

fig. 6. Op-Amp integrator used as active loop filter. 

Q 
5 5 3  

r 5 2  : z i ! :  5 0 ~  5 1  

4 9 

Where Kvco and K N  are evaluated at the highest 
VCO frequency, 

-- 

/ ' / 

Choose a common value for C I ,  such as 2.7 pF, and 
then calculate R 1  and R2 to determine whether they 
come close to common component values. 

I 2 3 4 5 6 7 8 9 1 0 1 1  

v,  lV0LTSl  

fig. 5. Example of fvco versus V, showing nonlinear 
transfer function due to varactor diodes. 

For example, a synthesizer required to tune from 
5.000-5.500 MHz in 1 kHz increments might appear 
as in fig. 7. 

A CD4046 used as the phase detector has a K,#, of 
0.397 voltslradian. The VCO is the same one de- 
scribed earlier where Kvco = 1.257 to 0.273 x I06 
~adzans/second /volt. 

With the loop locking at 5.000 MHz, 

N =  - MHz = 5000 and 
1 kHz 

1 
KN = 5000 

= 200 x 10-6  

With the loop locking at 5.500 MHz, 

With a reference frequency of 1 kHz and F = I ,  
enough information is now available to design the 
loop filter. 

Evaluating eqs. 1-5 we obtain: 

14 August 1983 



1 kHz wg I 27r ---- or wij I 62.83 rad/sec 
100 

W,, = -- 
62.83 -- 

J2(1)2 + I + J(2(1)2 + 112 + I 

letting Cj = 2.7  pF then: 

= 12 kilohms 

R2  = = 29.29 kilohms 
2.7pF 

= 33 kilohms 

If R j  and R2 had not come close to convenient With E greater than 0.7 the loop is considered 

values, then another value of Cl would have been stable. 

tried and R 1  and R p  recalculated. AtfLfCu = 5.500 MHz 

With loop filter components calculated, (see fig. t l  = 32.4ms 
8) a quick check is required to ensure proper loop 
operation with the chosen filter component values at t 2  = 89.1 ms 
both extremes of the synthesizer frequency range. 

At f vco = 5.000 MHz w,, = (0.398)[0.2732(106)][181.82(10-6)] 

t l  = RICl  = (12 kzlohms)(2.7pF) = 32.4 ms 32.4 ms 

VCC 

2 2 ,  3 3 ,  .CF 
"vL?-r- 

24.7 (89.1 ms) = E = 
2 

I 

VDD 

PO 

Both w, and E are indeed very close to the design 
values; therefore, so will wa. The loop is definitely 
stable at both extremes of the synthesizer range and 
therefore at all points in between. This synthesizer 
should work fairly well. 

13 12* 

J 

PHASE 
, R E F ,  DETECTOR 

conclusion 
This first article demonstrates basic PLL synthe- 

sizer theory and design. Future articles will provide a 
more thorough explanation of the PLL and show 
more accurate methods of design. Methods to im- 
prove performance and test the loop will be included. 

In the final article a 5.000-5.500 MHz synthesizer 
design will be presented. Performance of the com- 
pleted synthesizer will then be compared with the ini- 
tial design goals. 

I 1 H 1  - 
4 

ham radio 

0 TO VCO 

C D 4 0 4 6  

V S S  - 

- 
= 0 f V C O  
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". 10+~122k 8 

fig. 8. Simple Op-Amp integrator loop filter for example 
loop. 

9 

DIGITAL DISPLAY 

UP/DOWN COUNTER 

GENERA TOR 
( R P G I  

fig. 7 .  Synthesized VFO example loop. 
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Amateur packet radio: 
part 2 

Understanding 
the TNC 

This article describes the inner workings of a termi- 
nal node controller (TNC), with emphasis on those 
aspects which are novel and useful to others inter- 
ested in implementing digital radio systems. The dis- 
cussion is based on the TNC designed by the Tucson 
Amateur Packet Radio Corporation (TAPR).' 

As shown in fig. 1, the TNC is essentially a special- 
purpose microcomputer. In many ways it is very 
much the same as any small computer system in that 
it contains a central processor, memory, and input1 
output (110) sections. The TNC differs from the aver- 
age home computer in its I10 design, however, and 
we shall focus on these features. 

The TAPR TNC uses a 6809 microprocessor, with 
24K bytes of read-only memory (ROMI for program 
storage, and 6K bytes of read-write memory (RAM), 
for message buffers and other temporary data. The 
serial I10 port conforms to the EIA RS-232-C specifi- 
cation and is used to communicate through a termi- 
nal or with a computer. A dual 8-bit parallel I10 port 
is available for auxiliary use. A crystal-controlled 
clock pravides system timing for various parts of the 
TNC. 

The components of the TNC that make it a packet 
radio controller, and that could be added to a per- 
sonal computer for a home-brew system, are the 
HDLC controller and the rnodulatorldernodulator 

The TAPR TNC will soon be available in the form of bare boards. 
documentation, and partial or complete parts kits. Please send an 
SASE to TAPR, P.O. Box 22888, Tucson, Arizona 85734, for details 
on price and ava~lability, as well as further information on packet 
radio. 

(modern). The HDLC controller is an LSI circuit 
which provides a convenient means for implement- 
ing much of the level 1 and level 2 protocol discussed 
in part one of this series (ham radio, July, 1983). It 
acts as a bidirectional digital port between the com- 
puter and the modem. 

Equivalent to an RTTY terminal unit, the modem is 
a key part of the TNC, and contains the interface cir- 
cuit that ties the computer to the station radio. It 
generates tones whose level can be adjusted for 
compatibility with the radio used, and its audio can 
be keyed to generate a Morse code station identifica- 
tion. The circuitry provides transmitter PTT line key- 
ing and a fail-safe timer to prevent excessively long 
key-down. The demodulator can be easily configured 
to accept audio from different radios, and includes 
LED level indicators for adjusting the receiver 
volume. 

The versatile-interface adapter (VIA) block in- 
cludes two 8-bit parallel 1/0 ports which communi- 
cate with the nonvolatile (RAM) semi-permanent 
storage, read user-settable switches, and control the 
modem. It also includes two counter-timers which 
provide interrupts for software timing and a program- 
mable clock signal for the HDLC controller. The non- 
volatile RAM, a Xicor NOVRAMTM which stores 32 
bytes of information without battery or other standby 
power, represents a new technological achievement 
that should have wide application in Amateur ~adio. '  

modem and radio interface 
Fig. 2 shows the radio and audio interface circuit- 

ry. Receiver audio output is buffered by one-half of 
U6 dual op amp. Provision is made at jumper JP9 for 
attaching a load resistor in place of the speaker. The 
audio passes through an LED limiterllevel-indicator 

By Margaret Morrison, KV7D, and Dan Mor- 
rison, KV7B, 4301 E. Holmes, Tucson, Arizona 
8571 1, and Lyle Johnson, WA7GXD, 5971 S. 
Aldorn Drive, Tucson, Arizona 85706 
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to the MF-I0 dual switched-capacitor audio input fil- 
ter, which is configured as a highpass section fol- 
lowed by a lowpass section. Both sections operate in 
Mode 3, as described by the man~facturer ,~ with a 
clock input of 115.2 kHz produced by the TNC sys- 
tem clock. The response of the filter is optimized for 
typical transceiver combinations using a computer- 
aided design procedure.4 

The necessity for this filter is dictated by the audio 
spectrum of 1200 Hz and 2200 Hz NRZl data at 1200 
baud. This spectrum, shown in fig. 3, suggests that 
ideally the system should exhibit flat response from 
below 500 Hz to above 2900 Hz. In fact, the typical 
overall response measured using a pair of 2-meter fm 
transceivers is shown in fig. 4A. Without proper fil- 
tering the rolloff shown prevents data from being de- 
modulated much above 600 baud. The filter with the 
eight programming resistors shown (slightly different 
from those on the TAPR Beta TNC) restores the re- 
sponse to that shown in fig. 4B, and seems a good 
compromise for a wide variety of fm rigs. 

The filtered audio is demodulated by the XR2211, 
which is configured as recommended by ~ x a r '  for 
demodulating 1200 Hz and 2200 Hz 1200 baud data, 
except for the lock-detect filter at pin 3. For better 
immunity to false lock indications this filter's time 
constant was increased. In addition to digital data 

from pin 7, the lock detect signal at pin 5 is required 
by the software to monitor channel activity. 

The MF-10/XR2211 demodulator combination 
works well with a wide variety of fm transceivers. 
However, the lowest bit error rates for a given degree 
of receiver quieting will be achieved only by custom 
tailoring the input filter to produce the proper re- 
sponse for a specific transceiver pair. Normal experi- 
ence is that data will be received perfectly under "full 
quieting" conditions, but deteriorates rapidly as the 
noise level goes up. 

Data originating on the TNC at the TxD output of 
the WD-1933 generates phase-continuous AFSK via 
the XR2206 modulator. As in the case of the demod- 
ulator, Exar's recommended values were used for 
loop ~ o m ~ o n e n t s . ~  A control signal generated by the 
TNC's VIA under software control is used at point E 
to key the AFSK signal on and off. This permits the 
software to generate the CW identification and to 
eliminate modulator output except when actually 
sending packets. The modulator output is buffered 
by the second section of U6 before going to the mi- 
crophone input of the transmitter. 

The remaining circuitry of f ig. 2 grounds the 
radio's PTT line to key the transmitter whenever the 
WD-1933 MSCOT output is brought low. To prevent 
channel lockup a NE555 one-shot "watchdog" times 
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out after approximately 14 seconds, and MSCOT special digital hardware 
must be toggled high to restore PTT operation, This The TAPR TNC includes digital circuitry that sets it 
simple circuit has proven invaluable. apart from ordinary personal computers. Some de- 
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\ CLEAN LUNESS... 
a unique CORSAIR virtue 
Cleanliness in the TEN-TEC CORSAIR means unusual spectral purity of both 
received and transmitted signals. 

In Receive mode, even with the r.f. reamp in operation, the 3rd order ' 

Ef' intercept (at 2 0  kHz tone spacing) is +5 d m. With the preamplifier off, the 3rd 
order intercept rises to a superlative + 18 dBm and remains constant even at 3 
to 6 kHz away from the pass-band. 

In Transmit mode, if you look at the output of the CORSAIR on a spec- 
trum analyzer, you note an almost complete absence of phase noise-a phe- 
nomenon which plagues most PLL transceivers. At 20 kHz from the carrier, the 
generated phase noise in the CORSAIR is a spectacular - 148 dBc/Hz, and at 
1 kHz it is - 132 dBc/Hz.* 

This breakthrough in circuit design, using proven crystal mixed oscillators 
with the latest USA solid state technology, is setting new standards of cleanli- 
ness and purity of signals. All of which means enhanced reception with less 
fatigue, lower noise floor, no overloading and more DX worked. And your sig- 
nal will be a bit easier to read under adverse conditions. Compare. 

Other virtues of the CORSAIR include: 
All solid state, broadband design All 9 hf bands Triple conversion re- 

ceiver with 0.25 pV sensitivity on all bands and better than 90 dB dynamic 
range Variable bandwidth plus Passband tuning Dual range, Triple mode, 
Offset tuning Variable Notch filter Built-in Speech Processor Built-in 
Noise Blanker 200 W input, 100% duty cycle Dual-speed QSK (full or 
semi) Many operating conveniences including headphone attenuator, cw sig- 
nal spotter, 5-function meter, WWV rece tion, adjustable ALC threshold B lighted status indicators, selectable AGC, a justable pitch and volume of side- 
tone, complete interfacing. @ Full accessory line including remote VFO, keyers, 
microphones, power supplies, antenna tuners, ssb and cw filters. Reliable 
American manufacture and service, fully warranted. 

See CORSAIR at your TEN-TEC dealer, or write for full details. 
TEN-TEC, Inc., Sevierville, TN 37862 

Specijicaffons measuied by independent laboratory 



tails of these circuits will now be discussed; if you HDLC controller. There are several HDLC controller 
have a TNC, this information will help clarify some of chips on the market today, and more are being in- 
its design considerations. Should you choose to troduced regularly. This is fortunate for the would-be 
homebrew a packet adapter for your computer, the TNC designer, because the HDLC chip relieves him 
discussion will serve as an example. of a fairly complex hardware design (typically 19 SSI 

The most important such chip on the TNC is the and MSI ICs) or an equivalently complex software 

WD-1933 HDLC controller 

XR2211 demodulator 
XR22mmod~1ator 
MF- lo  s ~ i t ~ h e d - c a p . ~ l t o r  111101 

NESSS timer 
C A S Z ~ O  dual op amp 
XR2203ULN2003 Darlrngton drive, array 
7406 open cellaclot her anverier 

Approrlmatsly I5  rseond"watchdop" tlmsr 
PTTdnrsr A M ~ d ~ I a t ~ r ~ s ~ ~ t l a t ~ r ~ ~ n n e ~ f # o n  lo  JP6 O Connects to VIA timer tnpvt lor cabbratron 

MF-1Ocloek z n p ~ t s t  115.2 kHz from system clock 

Opsrs1,an: HDLCclock mput bom VIA tlmer ovtpvl 
Modulator amplitude 8dIuslment Calibraloon: Modem slgnalr to VIA I lmotnpul  

vco center frequency ad~ustmenl D HDLC reset from V IA  controloutput 
8 Input lsralindlcalor-c1,pp.r 8 Modulator tone nr r lch lrom VIA ~~ntrOlOU1Pul 

fig. 2. cont. 
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fig. 3. Sound spectrum of a one-second burst of 1200 
Hz12200 Hz 1200 baud random NRZI data. This data was 
generated and analyzed by computer 

program (in assembly language) to implement those 
parts of the HDLC protocol standard adopted by the 
overwhelming majority of packeteers. 

As mentioned in the previous article, the most fre- 
quently used digital signalling technique employs 
Non-Return to Zero, Inverted (NRZI) encoding. This 
means that a digital zero is encoded as a transition 
from a high to a low or vice-versa, while a one is 
passed as the absence of a transition. The result of 
this, along with "bit-stuffing" (in which a zero is in- 
serted by the sending station after five consecutive 
ones and stripped out at the receiving end), is that 
the clock signal can be recovered from the data 
stream. A phase-locked clock is necessary to ensure 
proper recovery of the data in this synchronous data 
mode, since the data must be latched in the middle 
of a bit and not, for example, just as a transition 
occurs. 

Clock recovery is fairly straightforward using a 
phase-locked loop (PLL). Fortunately, the NRZI 
scheme is also widely used in the commercial world, 
so a few manufacturers have included a Digital PLL 
(DPLL) on their HDLC controller chips. In order to 
minimize the number of chips used in the TNC, both 
the VADCG and the TAPR designs incorporate these 
HDLC controllers. 

Among single-channel devices, only the lntel 8273 
and the Western Digital 193X series incorporate the 
DPLL, and the TAPR TNC uses the WD-1933, as it is 
generally about half the price of the lntel device. Of 
course, nothing is free, and some special considera- 
tions apply when interfacing this chip to a microcom- 
puter. The software must take account of the in- 
verted data bus of the WD-1933 which treats zeros as 
ones and vice-versa. In addition, the interrupt lines 
must be buffered and inverted prior to connection to 
the control bus. Furthermore, this chip requires a 
baud rate clock 32 times the data rate (for 1200 baud 

this means a 38.4 kHz clock) to drive the DPLL when 
using the NRZI mode, and also requires a special 
reset signal to be applied after the baud rate clock 
has been applied. 

In exchange for these interfacing considerations, 
the HDLC controller provides automatic generation 
of pre-frame and post-frame flag bytes for synchroni- 
zation, transparent bit-stuffing on transmit and un- 
stuffing on receive, recovery of the clock signal from 
the incoming data stream, calculation of the Frame 
Check Sequence (FCS) used to validate data integri- 
ty on both transmit and receive, and automatic de- 
tection and reporting of errors in sending or receiving 
a frame. All in all, the usefulness of these LSI devices 
more than compensates for any interface difficulties. 

In order to supply the HDLC controller with the 
needed reset and clock signals, and to provide other 
services, the TAPR TNC incorporates a 6522 Versa- 
tile Interface Adapter (VIA). This unit contains a pair 
of 8-bit parallel ports, which can be set on a bit-by-bit 
basis for input or output. Two of the four handshaking 
lines provided are used as single-bit control outputs. 
A pair of 16-bit counter-timers are also provided. 

One of the control lines is used to provide a soft- 
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ware controlled reset to the HDLC chip, while the 
other is used to effect a tone on-off command to the 
modem. This allows generation of an easily-copied 
CW station identification, as well as enabling an 
operator to insert a voice signal over the channel 
without disconnecting the TNC from the radio. 

Two lines of one of the 8-bit ports (port B) connect 
to the internal 16-bit counter-timers. One timer is 
used as a software-controllable baud rate generator 
for the HDLC chip. This not only allows the operator 
a simple means for control of the baud rate, it also 
allows generation of non-standard baud rates, such 
as the 400 baud used in the AMSAT Phase Il l 
satellite. 

The other timer is used for calibrating the modem 
frequencies and for primary system timing. From this 
clock are derived all the various clocks that must be 
updated for proper operation of the packet station of 
which the TNC is an integral part. 

Two lines on the VIA are used to test the settings 
of a pair of switches on the board. These switches 
may thus be read by the software and are presently 
being used to tell the TNC whether to use the default 
parameter settings found in the system EPROM or 
whether to take these parameters from N O V R A M T ~  

The remaining lines from the VIA parallel port are 
used for the N O V R A M ~ ~  interface. This helps pre- 
vent accidental alteration of N O V R A M ~ ~  parameters, 
as well as easing system bus timing constraints. The 
N O V R A M ~ ~  is a nibble-oriented device, meaning 
that its data bus is only 4 bits wide, rather than the 8- 
bit bus width of the host microprocessor. It also has 
six address lines and four control inputs. The control 
lines allow for device selection, readlwrite control of 
data between the RAM portion of the chip and the 
data bus, recall of the contents of the Electrically 
Eraseable Programmable Read Only Memory 
(EEPROM), and storing of data from RAM into 
EEPROM.* 

The presence of the NOVRAMTM permits long- 
term storage of parameters peculiar to the station, 
such as the call sign and terminal characteristics. In 
addition, infrequently adjusted parameters, such as 
those associated with the timing of data retries and 
other link activity, may be stored. Without such a 
long-term storage function there are only two  
choices. Either the operator must enter all necessary 
information every time the unit is powered up (which 
is not too practical), or the various parameters must 
be "burned-in" at assembly time, meaning that the 
operator must have his EPROMS erased and re-pro- 
grammed every time he wants to change baud rates, 
call sign, station ID, and so forth. 

controller software 
The software present on the TAPR TNC is organ- 

ized on two levels. The High Level Routines (HLRs) 
implement the machine-independent logical proc- 
esses associated with protocol decisions and re- 
sponse to user commands. These routines know 
nothing of the hardware details of the TNC and, in 
fact, are written in a transportable high level lan- 
guage (Pascal). As the HLRs require data transfers or 
status information they call subroutines contained in 
the Low Level Routines package (LLRs), and leave 
the nitty-gritty details of interrupt service, terminal 
editing features, and timer maintenance to the LLRs. 
The LLRs, naturally, are written in 6809 assembly 
language, and are definitely not transportable. How- 
ever, the logical organization of the LLRs is universal 
and should serve as a model for other implementa- 
tions of packet radio. 

The HLRs can be divided roughly into two major 
parts. One implements the command protocol, 
allowing the user to request connect and disconnect 
packets, control the digital-relay function of the sta- 
tion, and perform other tasks as necessary. For the 
TAPR TNC, this section consists of a command 
parser which compares a string of characters from 
the terminal with a list of commands and takes 
appropriate action when a match is found. In addi- 
tion to issuing connect and disconnect packets, the 
user can alter program parameters, save the param- 
eters in nonvolatile RAM, display current parameter 
values, identify in Morse code, change input mode, 
or enter a special service routine. For maximum flexi- 
bility in a test environment, the parser controls some 
sixty parameters, including the operator's call sign, 
terminal attributes, input editing features, radio inter- 
face characteristics, packet baud rate, and timing 
parameters6. 

The other part of the HLRs is a procedure which 
implements the packet radio protocol. This section 
assembles and disassembles packets, maintains 
information about the link status (for example, to 
whom you are connected), keeps track of unac- 
knowledged outbound packets, acknowledges in- 
bound packets, and sends supervisory packets as re- 
quired by whatever protocol is implemented. This 
routine watches a clock to time retransmissions of 
unacknowledged packets, formulates input from the 
terminal into packets, and passes the contents of re- 
ceived packets to the terminal. 

Both sections of the HLRs depend on the LLRs to 
maintain buffers and perform I10 under interrupt 
control. The LLRs also update clocks on receipt of 
timer interrupts and service the non-volatile RAM. 
When the program is required to transmit a message 
to the terminal or to send a packet, the information is 
actually loaded into a buffer to be sent when the 
peripheral component is ready. Similarly, the pro- 
gram reads incoming information not directly from 
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the peripheral, but from a buffer. The presence of 
complete messages to be read is signalled by flags 
set by the low-level input routines. This makes it rela- 
tively easy to implement the protocol in a high-level 
programming language without direct access to the 
peripheral devices' 

The utility of the HLRILLR separation cannot be 
overemphasized. It allowed, for example, the two 
sections of the HLRs (command parser and packet 
protocol generator) as well as the LLRs to be devel- 
oped independently by three people, in two different 
cities, on three different computers, prior to the final 
integration onto the TNC. 

program structure 
The structure of the packet protocol section of the 

HLR is shown in fig. 5. This procedure is part of an 
infinite loop in which all routines alternately check for 
tasks to be done. 

P I C K E T  

ACT iON FROM 

AND L I N K  

( A M X I ?  H 

R E S P O N S E S  

P A R S E R  

-- 

MAKE S U R E  
RETRY T I M E R  

IS  STARTED 

fig. 5. Flowchart for operation of the packet protocol 
HLR routine. 

The first half of the procedure is concerned with 
reading incoming packets and determining the 
appropriate action to take. The action taken on re- 
ceipt of a packet addressed to this station is deter- 
mined by the p r o t o c o ~ ~ , ~  Several possible link states 
are defined, which are stages in the communication 
sequence starting with a connect request and ending 
with a disconnect request. For each type of packet 
received (specified by the CONTROL field) there is a 
prescribed action depending on the link state. If the 
action involves sending a packet - say, an acknowl- 
edgment - a flag is set for the second half of the 
procedure. When all incoming packets have been 
read, the clock is checked to see if packets have been 
sent which should have been acknowledged by now. 

The second half of the packet protocol procedure, 
which sends outgoing packets, is entered only if the 
frequency is clear, indicating that all packets of a 
group have been received. This is determined by 
monitoring the demodulator carrier detect signal. 
Outgoing packets are formulated with header infor- 
mation and moved to the outgoing packet buffer fol- 
lowing any packets being retried. Acknowledgments 
are sent as part of the control information with these 
packets if possible; otherwise, a special acknowledg- 
ment packet is sent. Finally, any special supervisory 
packets requested either in the first section of the 
procedure or by the user are sent. When transmis- 
sion is complete, the clock is started for packets 
which should be acknowledged. 

1/0 management 
The interrupt-driven I10 routines contained in the 

LLRs basically form a simple operating system for 
supporting the HLRS? In order to isolate the main pro- 
gram from the details of the hardware, all input and 
output is done through buffers. Since the HLRs do 
not examine incoming data until an entire line or 
packet has been received, terminal support such as 
character echoing, line-feed insertion, and response 
to character, line, and packet delete instructions (im- 
plemented by single editing characters) are managed 
by the low-level interrupt routines. 

The structure of a typical buffer is shown in fig. 6 .  
There are four buffers, input and output buffers for 
terminal and radio data, each of which is accessed by 
an insertion pointer and a removal pointer. An input 
buffer, for example, has an insertion pointer which is 
advanced by an LLR interrupt routine as data is read 
from a peripheral device, and a removal pointer 
which is advanced by the HLR as it reads the data. 
All buffers are circular, meaning that when a pointer 
reaches the top of the buffer space it is moved back 
to the bottom. Input buffers require additional point- 
ers to mark the beginning of a string which may be 
deleted by an editing command from the terminal, or 
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fig. 6. A typical data buffer, showing pointers, and order of placement of data. The buffer shown is the packet input buf- 
fer. and is similar to the other buffers. 

in the case of the packet input buffer, by an error 
occurring during receipt of a packet. Since a data 
string can be any length, the end of a packet or com- 
mand line must be marked, either by a special char- 
acter in the buffer or by a byte count at the beginning 
of the string. 

interrupt handling 
Only one hardware interrupt-request input of the 

6809 microprocessor is used in the TAPR design - 
all interrupt lines are wire-0Red together. This means 
that when an interrupt occurs, each peripheral which 
could have generated it must be queried in turn, and 
an appropriate routine selected from a dispatch table 
when the cause of the interrupt is identified. Since 
more than one device could be in need of service at 
once, the order in which the devices are queried 
determines the interrupt priorities, which are as 
follows: 

1. UART (terminal) input 
2. UART output 
3. VIA timer interrupt 
4. HDLC (radio interface) 
5. Parallel port input 
6. Parallel port output 

The serial input port is given highest priority, since if 
a character is not read before a new one is received, 
it is lost. The radio 1/0 interrupts are placed relatively 
low, since servicing the WD-1933 chip is complex 
and potentially time-consuming. Data lost in either 
direction due to slow service of this chip will be de- 
tected as an error, and the packet will be retransmit- 
ted. If the parallel port is used for user I/O, it should 
be serviced last, since full "handshaking" is used, 
and a sending device will not send new data until the 
old data has been read. 

The timer interrupt is generated as the timer 

counts down past zero. By examining the count, the 
service routine can determine the actual elapsed time 
and compensate for any delay caused by conflict 
with other interrupts. For this reason, the priority for 
servicing the timer interrupt is arbitrary. Compensa- 
tion must be made for the fact that the two count 
bytes are read at different times. 

The timer interrupt service routine has a special 
function. After the software counters have been up- 
dated, a general housekeeping routine is entered. 
Time elapsed since a carrier drop is monitored and a 
packet transmission may be started from this routine. 
The CW station identification is also sent at appropri- 
ate intervals, and the timer routine toggles the audio 
signal on and off to produce dits and dahs. 

The WD-1933 HDLC controller generates inter- 
rupts for the following seven conditions: 

Receive lnterrupts (by priority) 
Data received 
Received message without errors 
Received message with errors 
Change in carrier detect state 

Transmit lnterrupts (no priority) 
Data requested 
Transmitted message without errors 
Transmitted message with errors 

(Abort signal sent automatically) 

Since they may potentially be present in any combi- 
nation, and querying the chip resets most conditions, 
all conditions must be checked on each interrupt. 
The only difficulty results when logically inconsistent 
or out-of-place interrupts occur. For example, the 
presence of both "Received message without errors" 
and "Received message with errors," or a carrier- 
detect change while the transmitter is keyed, may 
occur. This is solved by ordering the receive interrupt 
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priority as shown. Carrier detect can be ignored dur- 
ing transmission. 

Transmit interrupts present a different sort of 
problem. The WD-1933 transmits HDLC frames 
automatically, but it must be commanded to send 
each section of the frame - flags, data, and frame- 
check sequence. While the transmit function is ac- 
tive, it generates regular interrupts. These are "Data 
request" if the data function is commanded, and 
otherwise "Transmit end of message." These inter- 
rupts are treated as equivalent, and the interrupt 
service function is determined by the progress of the 
packet being transmitted. 

conclusion 
In the first article of this series we described packet 

radio and the protocols in general use. In this article 
we have presented some details of the actual imple- 
mentation of these concepts. 

The TNC design presented represents the culmina- 
tion of nearly two years of intensive effort by several 
Amateurs. These efforts resulted in both the forma- 
tion of Tucson Amateur Packet Radio, a nonprofit 
REtD corporation of over 300 members worldwide, 
and the design and distribution of the TAPR TNC. 

The TNC design was subjected to a Beta test with 
172 boards placed at 19 sites. This test served to pro- 
vide many useful improvements. Perhaps most im- 
portantly, it exposed literally thousands of Amateurs 
to this exciting new mode. We expect that soon 
there will be a rapid expansion in the use of this mode 
among Amateurs, and hope that you will join it. 
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Measure characteristic impedance, 
balance, coupling coefficient, 

and saturation level accurately 

testing baluns 
In recent years baluns have become widely used in 
the antenna systems of most Amateur stations. Be- 
cause of their popularity, many companies manufac- 
ture and advertise baluns regularly; their relative sim- 
plicity encourages many Amateurs to wind their 
own. Unfortunately, very little has been published 
about the performance requirements of baluns or 
even about which performance parameters are im- 
portant. The performance characteristics of baluns 
can be measured, however, and by testing baluns 
according to the procedures described, users can 
learn what to expect from the baluns they install in 
their own antenna systems. 

The tests described apply primarily to the familiar 
1:l transmission line balun of either the toroidal or 
ferrite rod type (see fig. I ) ,  but may also be coinci- 
dentally appropriate for the 4:1 auto-transformer 
type balun. 

Generally more than one test can be used to meas- 
ure a given parameter. Most tests can be performed 
using equipment available to Amateurs. The choice 
of test will depend, to some extent, on whether the 
balun is purchased or homemade, since this will 
determine what terminals are available for testing. 
Because some tests require that the tertiary winding 
be disconnected from the top section of the main 
winding, not all tests can be applied to a purchased 
balun. All commercial baluns are factory-sealed and 
cannot be opened without breaking their cases; con- 
sequently, it is impractical to open the tertiary junc- 
tion. With a homemade balun, all tests can be made 
before the tertiary winding is connected to the 
circuit. 

balun operation 
A balun serves two principal purposes. First, it pro- 

vides two equal and opposite voltages to a balanced 
load with respect to ground. Second, the balun pro- 
vides isolation between the balanced load (usually a 

dipole antenna) and an unbalanced transmission line 
(coaxial cable). Of particular importance is isolation 
between the coaxial outer conductor and the half of 
the dipole connected to the outer conductor. If this 
isolation is not adequate, then this half of the anten- 
na essentially extends down the outside of the coax- 
ial outer conductor and into the ham shack. This, of 
course, is undesirable. Fig. 2 shows the problem 
graphically. 

Your transmitter is actually a generator that drives 
a coaxial transmission line which is connected to a di- 
pole. Assume the polarity is such that a current, I , ,  
flows into the center conductor from the left half of 
the dipole; an equal and opposite current, 12, flows 
up the inside of the outer conductor. At the junction 
point between the outer conductor and the right half 
of the dipole, current 12 divides. 

Because of skin effect at radio frequencies, the in- 
side and outside of the outer coaxial conductor may 
be thought of as two separate conductors. The divi- 
sion of the current 12 into I3 and I4 depends on the rel- 
ative impedances of the right half of the dipole and 
the impedance of the path down the coaxial outer 
conductor into your ham shack and through the 
power wiring to ground. If this length is an odd num- 
ber of half wavelengths, the impedance will be low 
compared to the impedance of one-half a dipole 
(usually taken to be about 35 ohms). Much of the 
current 12 will flow back down the outside of the co- 
axial and l4 will be relatively high. Consequently l3 
will be low and different from Il. In addition to caus- 
ing the antenna to be fed asymmetrically, the outside 
of the coaxial can also be "hot" inside the shack, 
which not only creates operational problems, but in- 
troduces a safety hazard as well. However, if the 
length down the outside of the coaxial to ground is 

By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22071 
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fig. 1. Typical 1 : l .  two-winding, transmission line 
balun. The characteristic impedance, Z,,, of the wind- 
ing should be as close as practical to RL. This balun will 
provide isolation, but not a balanced output unless the 
center-tap of the balanced load is grounded. 

an odd number of 114-wavelengths, this impedance 
will be relatively high, forcing l4 to be small in com- 
parison to I3 and the balancing dipole. The balun pro- 
vides isolation between the right half of the dipole 
and the outside of the coaxial, and at the same time 
provides equal and opposite voltages and currents to 
the two halves of the dipole. Let's see how a 1:l 
transmission line balun accomplishes these objec- 
tives. 

1:1 balun 
The simplest form of the 1:1 transmission line 

balun is shown schematically in fig. 1. Here a trans- 
mission line with a characteristic impedance (Zo) is 
wound on a rod or toroidal ferrite core. One end of 
the winding is connected to the coaxial cable; the 
other end is connected to the balanced load, as 
shown. The characteristic impedance of the winding 
should be as close to that of the coaxial line and the 
load resistance as practical. One popular balun 
design1 uses small 50-ohm coaxial (RG-141) wrapped 
around a 2-1 /2 inch diameter (6.25 cm) toroid. 

A commonly held view is that the inductance of 
the winding provides isolation and guarantees bal- 
anced voltages across the balanced load. Unfortu- 
nately, both these conditions may not occur in this 
design. The generator currents (Il and 12 in fig. 2) are 
equal and opposite; hence there is no magnetic flux 
developed in the toroid and the inductance of the 
balun is essentially zero. The balun merely acts like 
an extra length of transmission line. 

Assume an unbalanced condition, with current I4 
(fig. 2) flowing. Since there is no equal and opposite 
current flow, a magnetic flux will develop. If the in- 
ductance of the balun is sufficient, then the resulting 
counter EMF will limit I4 and effectively isolate the 
balanced and unbalanced sides of the balun. The 
balun will therefore provide isolation. Counter EMFs 
will also develop on the inside of the coaxial shield 
and on the coaxial inner conductor; these will be in 
series opposition and do not affect the balun's oper- 
ation. 

Unless the center-tap of the balanced load is 
grounded or a tertiary winding is used, there is no 
ground reference point on the balanced side and no 
guarantee that the balanced side output is actually 
balanced with respect to ground. The degree of bal- 
ance, if any, depends on parasitic inductances and 
capacitances and is not under control of the user. 
The only way the user can guarantee a balanced out- 
put is to actually ground the center-tap of the load. 
The lack of balance on a two-winding balun has been 
verified by actual  measurement^.^ 

To guarantee balanced output voltages and ade- 
quate isolation, it is necessary to provide a path for 
magnetizing current. ~ u t h r o f f ~  has stated that with 
the balanced load disconnected, there must be dc 
continuity between the unbalanced input and 
ground. The two-winding balun does not provide this 
continuity. 

In order to guarantee balanced output voltages as 
well as provide adequate isolation, a tertiary winding, 
EF (see fig. 31, must be added. Note that the polarity 
of the tertiary winding is reversed. 

If the voltage at the unbalanced input is V volts, 
the voltage at point B is V/2 volts since point B is 
halfway down the winding AB-FE with V/2 volts 
being developed in each winding. This is better 
shown when fig. 3 is redrawn as an auto-transformer 

-7 1, : COAX CENTER CONOUCTOR 
CURREN r 

I2 = CURRENT ON INSIDE OF 

OUTER CONOUCTOR 

I ,  COMPONENT OF I2 FLOWING 
INTO A N T E N N 4  

I+ = COMPONENT O F  I2 FLOWING 

DOWN OUTSIOE OF COAX 
OUTER CONDUCTOR 

I fig. 2. Lack of adequate isolation between antenna and 
feedline causes l2 to divide into l3 + 14. 1 

fig. 3. A 1:l  transmission line balun with a tertiary 
winding E-F. This design provides both isolation and 
balanced output voltages. 
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as shown in fig. 4. This arrangement guarantees that 
the balanced output voltages are balanced with re- 
spect to ground, provided that the coupling between 
tertiary and main windings is "tight." 

Though fig. 4 is drawn as an auto-transformer, the 
balun is nevertheless a transmission line device. Sig- 
nal currents flow only through the transmission line 
windings and the input impedance/load impedance 
relationship follows the transmission line equation 
and not the auto-transformer law. With this thought 
in mind we will move on to the actual tests. 

6 : E ~ L y l ; - ~  - 2.::,-,-::,.~ - 2 SIDE BAL ANCEO 

O P E N - C I R C U I T E D  

fig. 5. Ohmmeter test to  determine if balun has a ter- 
tiary winding. 

dc ohmmeter test characteristic impedance 
One of the simpler tests, to determine if the balun 

has a tertiary winding or not, is one that should be 
performed on any purchased balun. That test is im- 
portant because a tertiary winding is absolutely 
essential if the balun is to work properly with most 
antennas. 

This test consists simply of measuring the dc resis- 
tance between the unbalanced input terminals and 
ground with the balanced terminals open-circuited 
(see fig. 5) .  If a tertiary winding is present, this resis- 
tance should be a few tenths of an ohm and will 
appear on most ohmmeters as a short-circuit. An 
open circuit reading indicates no tertiary winding. 

Using an accurate ohmmeter or Wheatstone 
bridge can provide other information. With the un- 
balanced side open-circuited, measure the dc 
resistance between each balanced load terminal and 
the grounded side of the unbalanced terminal. Each 
of these resistances should be one-half the value ob- 
tained in the first test. The success of this test en- 
sures that each of the windings is the same length 
and that the balun is reasonably well balanced, at 
least in regard to dc. 

fig. 4. A 3-winding transmission line balun drawn as an 
auto-transformer. Though shown as an autotrans- 
former it is still a transmission line device. The input 
versus load impedance relationship follows the trans- 
mission line equation and not the transformer law. 

One of the most important parameters of any 
transmission line balun is its characteristic impe- 
dance which should be the same as the characteristic 
impedance of the transmission line with which the 
balun will be used. If too great a difference between 
these impedances exists, use of the balun may cause 
more problems that it cures. 

There are several ways of measuring the character- 
istic impedance of a balun. The method used will 
depend on the measuring instrument available and 
on whether or not the balun is store bought or home- 
made. 

Perhaps the most straightforward method of 
measurement is to take advantage of the fact that 
the characteristic impedance can be found by taking 
the square root of the input impedance with the far 
end open-circuited and short-circuited or: 

While this approach is theoretically straightforward, 
it presents instrumentation problems. At some fre- 
quencies, the input impedance of the line will have a 
very high or very low resistive and/or reactive com- 
ponent for either an open- or short-circuited condi- 
tion a t  the far end with one or more of these compo- 
nents outside the range of the measuring instrument. 
If it is possible to find a frequency or a test instru- 
ment where both open- and short-circuit measure- 
ments can be made, this method provides a conven- 
ient way to determine the characteristic impedance 
of the balun. 

It is important to note that this test can not be used 
with a tertiary winding connected. If the balun is 
homemade, make the test with the tertiary winding 
in place but not yet connected to the main windings. 
If the balun is commercially made, you may have to 
figure out a way to open the balun and disconnect 
the tertiary winding. If this is not practical, use a dif- 
ferent measuring technique. 

A second method which does not put such severe 
requirements on the test equipment but is more time 
consuming is to measure the input impedance of the 
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balun with an arbitrary load impedance as the electri- 
cal length of the line changes, or place the value of 
load resistance across the balanced load that you 
think the balun characteristic impedance is, or that 
you would like it to be. Then measure the input impe- 
dance of the balun across the frequency range and 
see how close your guess was. Fig. 6 shows the in- 
put impedance of a transmission line balun with four 
different values of load resistance: 65, 76, 84, and 
101 ohms. 

Starting at the top, notice that the input impe- 
dance with the 101 ohm load rolls off at higher fre- 
quencies. At first glance this roll-off appears as nor- 
mal high-frequency drop off. However, looking at 
the 65-ohm load line, we see a "roll up" in the input 
impedance as the frequency increases. These two in- 
put impedance characteristics suggest the impe- 
dance inverting effect of a 114-wave transmission 
line whose characteristic impedance, which is what 
we are trying to find, is between 65 2nd 101 ohms. 

Looking between 65 and 101 ohms, we see that 
the 84 ohm line rolls off slightly while the 76 ohm load 
response is practically flat - only a very slight roll- 
up. This indicates that the characteristic impedance 
of the balun is just above 76 ohms. If these measure- 
ments were made beyond a 114-wavelength, the 
slope of the curves would reverse and the frequency 
for a 114-wavelength could be determined. My 
equipment does not go high enough in frequency to 
do this, however. 

If a General Radio 821 Twin-Tee admittance 
bridge4 or similar instrument is available, a third - 
approach may be used that gives not only the char- 
acteristic impeda ce but the electrical length of the 
winding as well. If the physical length of the winding 
(in inches or meters) is known, the velocity coeffi- 
cient of the winding can also be determined from this 
data. 

This test is based on the fact that a short-circuited 
transmission line I /&wavelength long has an induc- 

tively reactive input impedance equal to the charac- 
teristic impedance of the line. Similarly, if the far end 
is open-circuited, the input impedance presents a 
capacitive reactance equal to the characteristic impe- 
dance. This can be seen by examining the transmis- 
sion line equation for the short-circuited case, which 
is the simplest: 

/ 2 0  

2 I10 

0 , 100 
Lu 

90 ~ 

T 

$ 80 

5 
C ' O  

% 60  ~ 

SO 1 

Z, cos X + ,jZo sin X 
2, = zo - -- 

Zo cos X + jZ, sin X 

101 OHM LOAD 

84  OHM - 
7 6  OHM 

- 6 5  OHM 

when Z ,  = 0 (short circuit load) 

I 0  2 3 5 7 1 0  2 0  5 0  

FREQUENCY - MHz 

fig. 6. Input impedance versus frequency for 65, 76. 84, 
and 101 ohm load resistors. 

jZas inX . 
then Zi, = Zo = jZo tan X zo cos X 

when X = h / 8  or 45', 

then (since tan 4J0  = I )  Zin = ,jZo 

The open-end and short-circuit values of reactance 
are plotted versus frequency on the same piece of 
graph paper; the reactance at which they intersect is 
the characteristic impedance of the balun. An exam- 
ple of this is shown in fig. 7. Also, the frequency of 
intersection is the frequency at which the balun is 
118-wavelength long. The electrical length at  any fre- 
quency can easily be determined from this. 

If the physical length of the line is known, the 
velocity coefficient of the transmission line, k, can be 
determined by calculating the 118-wavelength of the 
intersection frequency in free space and dividing this 
into the measured length of the balun winding. 

measured length winding k = - -  
calculated length X/8.free space 

Because this test cannot be used when the tertiary 
winding is connected, it can be used only on home- 
made baluns or commercial baluns where the tertiary 
winding can be opened. 

The limitations on the test equipment are that the 
impedance measuring device must be capable of 
measuring impedances with high resistive compo- 
nents and measuring reactive components in the 
range of the expected characteristic impedance at 
the frequency where the balun is 118-wavelength 
long. 

winding inductance 
The balun winding inductance is important be- 

cause it determines the frequency range over which 
the balun can be used and also determines balun iso- 
lation. In general, the winding reactance should be 
about five times the characteristic impedance for a 
general purpose balun. You may want to use a factor 
of ten times the characteristic impedance for a preci- 
sion or an instrument balun, however. 
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As the frequency increases, the balun impedance 
increases until the inductance resonates with the 
stray capacity across the inductance. At this fre- 
quency, the impedance of the winding and the isola- 
tion are the highest. As the frequency is further 
increased, the impedance becomes capacitively reac- 
tive and decreases until series resonance occurs and 
the winding is effectively a short-circuit. The balun is 
obviously worthless at this frequency as the balun 
develops no isolation between the balanced and un- 
balanced sides. There is no problem in operating the 
balun through parallel resonance, but it should not 
be operated above the frequency where the impe- 
dance falls below about five times characteristic im- 
pedance. Fig. 8 shows a typical inductance curve. 

To perform this test, the tertiary winding must be 
disconnected so you may not be able to make these 
measurements on a commercial balun. The test 
arrangement is shown in fig. 9. 

5200  - 

4 8 0 0  - 

4 4 0 0  - 

4 0 0 0  

3 6 0 0  - 

s 5 3 2 0 0  - 

' 2 8 0 0  - 
U" 
Z 2 4 0 0  - 
E 
2 2 0 0 0  
W 

I 6 0 0  - 

1200 - 

8 0 0  - 
4 0 0  - 

i 
I 2 3 4 5 6 7  10 2 0  30 40 

FREOUENCY - MHz 

fig. 8. A typical balun reactance versus frequency char- 
acteristic. Isolation is at least five times the character- 
istic impedance from 2.5 MHz to above 40 MHz. 

- 

coefficient of coupling ing; again, this will restrict the testing to homemade 

~h~ coefficient of coupling between the main baluns. The procedure is simple; measure the induc- 

winding and tertiary winding is important because it tance of the main winding as described in the preced- 

affects the degree of balance of the balanced output ing test, with the tertiary winding o~en-circuited and 

and also limits the high frequency response. To again with the tertiary short-circuited. Use the equa- 

measure the coefficient of coupling, the tertiary tion: 

winding must be disconnected from the main wind- 
L,, k2 = 1 - -- 
Lo, 

Values of k - not k z  - should be at least 0.98 to 
0.99. If the coefficient of coupling is less than about 
0.98, you should expect problems, especially if 
broadband operation and/or a mismatch condition 
exists. Since this test involves measuring the induc- 
tance of the main winding, it is convenient to do it 
simultaneously with the inductance test. 
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achieving a balanced output 
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A very important performance characteristic of 
any balun is the degree of balance of the balanced 
output (assuming a balanced load). Fortunately, the 
test for this is easy to do, and a number of different 
approaches are possible. 

The simplest and most direct approach is to meas- 
ure the rf voltage between each side of the balanced 
load and ground over the frequency range of inter- 
est. If the input voltage is held constant, any unbal- 
ance or variations in the transmission through the 
balun will be apparent. 

Another approach is to use a dual channel oscillo- 
scope with one channel connected to each of the 
balanced terminals. This has the advantage that 
phase differences between the two halves of the bal- 
anced output can also be measured by the horizontal 
displacement of the two traces. 

SHORT CIRCUITED 

OPEN CIRCUITED 
MAGNITUDE ONLY 

AND 82 97 OHMS 

5 37 37 5 38 38 5 39 3 9 5  40 4 0  5 
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fig. 7. Openlshort circuit curves of a balun transmis- 
sion line showing a characteristic impedance of 82.97 
ohms and a 118 length at 38.63 MHz. 
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A variation on this test is convenient for measuring 
the electrical length of the winding; connect one 
scope channel to the balun input (unbalanced input) 
and the second channel to the high side of the bal- 
anced output of the balun. The balanced voltage to 
ground at this point should be one-half the input volt- 
age for a 1:l balun. You will probably want to syn- 
chronize the scope on the channel connected to the 
balun input. The electrical length of the winding can 
be determined from this measurement from the hori- 
zontal displacement of the two traces. Scopes with 
vertical channel responses of 30, 45, and even 60 
MHz are now readily available to Amateurs, making 
this an attractive method. 

The ideal method of measuring the balance is to 
use a Hewlett-Packard model 8405A vector volt- 
meter; this instrument measures the magnitude of 
two voltages and the phase angle between them. 
Unfortunately, this is a $5000 instrument and very 
few Amateurs can afford to spend this much for a 
voltmeter. If you are employed in electronics, see if 
your lab has one; it's a common instrument in rf labs. 
The vector voltmeter can also be used to determine 
the electrical length of the balun. 

Another simple and useful test for estimating the 
degree of balance is to use a balanced load impe- 
dance composed of two resistors in series, with each 
resistor being one-half the value of the desired bal- 
anced load. The input impedance is then measured 
with the center-tap of these resistors both grounded 
and open-circuited. If the balun and load are well bal- 
anced, there will be no change in the input impe- 
dance of the balun when the center-tap of the load is 
grounded or ungrounded. By "grounding the center- 
tap," I mean connecting the center-tap to  the 
grounded terminal of the unbalanced input. When I 
have performed this test on a well-designed balun, I 
have found that the change in input impedance is 

MEASURE INDUCThNCE 
BETWEEN THESE 

TWO POINTS 

t TERTIARY WINDING, IF 

PRESENT. MUST BE 

TO DETERMINE THE COEFFICIENT 

OF COUPLING. ALSO MEASURE 
THE INDUCTANCE WITH TERTIARY 

WINDING SHORT CIRCUITED. 

fig. 9. Circuit for measuring balun inductance and cal- 
culating the coefficient of coupling between main and 
tertiary windings. 

always less than the width of the calibration line of 
the dial. 

As the balance test must be made with the balun in 
its final operating configuration, it can be made on 
commercial baluns as well as homemade ones. This 
is one of the simplest and most effective tests I am 
aware of for determining the effectiveness of a 
balun. As the balun test involves only measurements 
of input impedances, it is convenient to check bal- 
ance when the input impedance is measured. To 
demonstrate the benefit of a tertiary winding, try 
making this test on a 1: l  balun without a tertiary 
winding. 

short-circuit test 
This test was first described by Reisert.' Readers 

have often called it to my attention after publication 
of my previous articles about ba~uns . * ' ~ .~  Basically, 
this test is intended to give an estimate of the isola- 
tion provided between the balanced and unbalanced 
sides of the balun. 

This test is performed by measuring the input im- 
pedance at the unbalanced terminals with a normal 
balanced load connected to the balanced side. The 
input impedance is again measured when each of the 
balanced terminals is shorted to ground. If baluns 
provided perfect isolation, there would be no change 
in the measured input impedance; but because noth- 
ing is perfect, some change in input impedance 
should be expected. Despite extensive reading in the 
field, I have not yet discovered what constitutes an 
acceptable change in input impedance, but I would 
assume that a change of ten percent or less is ac- 
ceptable. This would suggest that the series impe- 
dance of the balun is at approximately ten times its 
characteristic impedance. 

However, this test must be approached with ex- 
treme caution. First, if the balun has a tertiary wind- 
ing, shorting the high side of the balanced terminal to 
ground will also short-circuit the tertiary winding. As 
the tertiary winding is tightly coupled to the main 
windings, this will effectively short-circuit the main 
winding, thereby ruining the balun action. If the bal- 
anced-load center-tap is grounded, shorting either 
side to ground will also short-circuit one-half of the 
load resistance, which will obviously affect the input 
impedance. 

My principal objection to this test, however, is that 
the test conditions alter the operating conditions of 
the balun. Grounding either balanced terminal pro- 
vides a path for the magnetizing current (a dc path to 
ground) and also increases the voltage across the 
main winding by a factor of two - from V l 2  volts to 
V volts where V is the unbalanced input voltage. For 
these reasons, I am not convinced that this test is 
really a reliable indication of balun performance. 
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core saturation 
One final test that should be mentioned is mag- 

netic saturation of the core. I have not tried this test 
myself, but it's easy enough to perform, at least in 
theory. Wrap three or four turns of insulated wire 
around the balun core and connect it to an oscillo- 
scope. If the waveform on the scope is a sine wave, 
the core is not being saturated. The test must obvi- 
ously be made at full power while connected to the 
actual load. This presents some practical as well as 
safety problems. 

summary 
I have briefly discussed the purposes and opera- 

tion of a 1:1 transmission line balun and described 
seven tests that can be used to measure the charac- 
teristics of the balun. The tests include: 

1. tertiary winding (using an ohmmeter) 

2. determination of characteristic impedance 

3. isolation determination by winding inductance 

4. balance 

5. coefficient of coupling of tertiary winding 

6. electrical length 

7. core magnetic saturation 

The tests described above do not appear to require 
specialized test equipment or training and I feel that 
balun vendors should list the various technical 
parameters as do manufacturers of other products. 
This information would benefit the users because 
they would be better able to choose the balun that 
best met their requirements. Perhaps if balun 
manufacturers were to share their test results with 
consumers by including technical specifications in 
their promotional materials, users could be spared 
some of the time and effort testing requires. Armed 
with such information, users would be better able to 
choose the balun that best meets their needs. 
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Last winter and spring the West 
Coast experienced severe weather 
with flooding, land slides and heavy 
property damage. Radio Amateurs 
supplied emergency communications 
in many cases. One important point 
learned by all concerned with these 
emergencies is that disasters occur 
suddenly and unexpectedly. Advance 
preparation is absolutely essential. In 
general, communications from home 
stations were of little use; hand-helds 
and portable stations carried the 
larger portion of the communications 
burden. 

During these emergencies, many 
emergency communication coordina- 
tors found that the common "rubber 
duck" antenna on the hand-held unit 
was not suitable for emergency use. 
A better antenna was needed, but it 
had to be inexpensive and also rug- 
ged. A successful emergency anten- 
na had been developed in Arizona for 
the Scottsdale Amateur Radio Club 
and the Arizona Repeater Associa- 
tion, and that design has been copied 
for use by the Red Cross and other 
emergency communications organi- 
zations. 

the 2-meter J-pole 
As described by Jack Hanny, 

KB7CH, of Scottsdale, the emergen- 
cy J-pole antenna is light enough to 
be rolled up and carried in a tool box 
or emergency kit. 

The J-pole is made from a 55%- 
inch section of TV "ribbon" twin 
lead. A '/4 inch of insulation is re- 

moved at one end (fig. 1A) and the 
wires soldered together. 16 inches 
above the short, a piece of the ribbon 
line is notched out and one lead is cut 
open. A ?4 inch of wire is removed. 
The break is then taped or covered 
with heat-shrink tubing. 

The next step is to measure 1 % 
inches from the shorted end of the 
ribbon line and then carefully trim 
away the insulation to expose the two 
wires. Be careful not to nick the 
wires. The feedline is attached at this 
point (fig. 1B). Solder the center 
conductor of a random length of RG- 
58lU coaxial cable to the long wire of 
the ribbon line and solder the braid of 
the coax to the short conductor. 

Jack made his coaxial cable about 
12 feet long and placed a matching 
plug for his hand-held unit at the free 
end of the line. He wrapped the short 
section of ribbon line to the coaxial 
cable with string and covered the 
joint with tape or heat-shrink tubing. 

The last step is to punch a small 
hole in the insulating web at the 
opposite end of the ribbon line and tie 
a section of heavy string to the top 
end of the antenna. This makes it 
possible to support the antenna from 
the branch of a nearby tree. An extra 
length of RG-58/U cable can be made 
up with matching connectors to be 
used if the antenna is to be hung from 
a greater height. 

more on the sloper 
A lot of words have appeared 

about slopers during the past decade. 

There's no doubt that it works, but 
the theory behind this unusual anten- 
na is obscure. In brief, the sloper is 
simply a %-wavelength (approxi- 
mately) wire, fed at the top end sup- 
ported by the station antenna tower 
or mast. The bottom end of the wire 
is anchored a few feet above ground. 
The coaxial center conductor feeds 
the wire at the top, with the shield of 
the line attached to the metal tower, 
which apparently works as a ground 
point. 

Dick, WD4FAB, has broadbanded 
a sloper by increasing its effective 
diameter with a four-wire cage (fig. 
2). The bottom ends of the four wires 
must be interconnected; if they are 
not, each of the individual wires will 
take on its independent characteris- 
tics, resulting in some unpleasant 
bumps in the SWR curve. The 
WD4FAB sloper is suspended at the 
50-foot point on  a 58-foot-high 
tower. 

comparing an inverted-\/ 
with a 5-band trap vertical 

Jim, KWZW, compared a 5-band 
trap vertical to an 80-meter in- 
verted-V used with an antenna tuner 
for operation between 80 and 10 
meters. Jim says he has a very good 
location for a vertical - on a sandy 
beach, only about two feet above the 
salt water level. The soil beneath the 
antenna is always moist with salt 
water. The 5-band vertical was 
mounted atop a 10-foot pipe driven 
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* Teaching Novice classes? Your students will thank you for using the Novice Classedition of The u rl 
Final Exam. Not a Q & A manual, but a straightfoward book that tells your students what you want 
them to know while keeping them amused. Your students will finally enjoy learning! Used in classes all 1 

over the country. Only $4.95 plus $2.25 Shipping & Handling (S & H) for a single copy. Quantity 
discounts usually available through your local dealer. 

Want to keep up with changes in the FCC rules? For only $9.95per year we offer you a subscription 
to Part 97 of the FCC Rules & Regs with verbatim updates mailed 1st Classevery 2 months. There's 
no better service anywhere! 

* The Complete Idiot's Guide to DX by Stu Gregg IS just what beginning DXer's need. With a 
sense of humor, Stu teaches the basic ins and outs of DX. Only $9.95 (plus $2.50 S & H). 

1 

Got an Apple 11': 11+': or 1le"and like DX? The DX-Pediter will help you tremendously with your 
record keeping while you work on DXCC! On 5 W" floppy with good documentation for $29.95 (plus 
$2.00 S & H). 

Can't remember where you saw an important formula or  table w ~ t h  ham data? Look in Band-Aids! 4 
This is an encyclopedia of miscellaneous info for hams for just $9.95 (plus $2.25 S & H). 

Here's the newest book bv Bob Shrader - W6BNB: Amateur Radio Theorv & Practice. If vou 
really want to understand ham radio theory, then this book is a must! Available for $19.95 (plus $ 3 . 5 0 ~  
& H). 

Antenna enthusiasts! You need Antennas by John Kraus . W8JK. Thisls loaded withcalculusand 
trig but is the "Bible" of antenna books. Only $44.95 (plus $4.00 S & H).  

* Do you want antenna applicat~ons? Order Antenna Engineering Handbook. This 1,013 page 
book by H. Jasik has more info than you'll use in three lifetimes. Just $74.95 plus ($4.00 S & H).  

* Want a good theory bookonelectronics?Get Electronic Communication by BobShrader. Need 
to pass the FCC's General Radiotelephone exam? Used In classrooms throughout the country, this 
theory book does the trick. Order one today for $26.95 (plus $4.00 S & H). 

Ready to learn solid state? Get Electronic Principles by Malvino. This is the book to read after 
Electronic Communication. Put it on your bookshelf for $26.95 (plus $4.00 S & H). 

* California orders must Include 6 %%sales tax (no tax on S & H). Visa & Mastercard accepted. All 
of the above items are in stock at this time. Prices valid until September 1, 1983. Free shipping via UPS 
or Parcel Post on orders over $75. 

In The Works 
The Ham Radio Instructor's Guide (Vol. I )  will instruct you how to teach ham 
classes. The first volume discusses the psychology of learning, lesson plans, 
course development, etc. What's more, an organization is being developed to 
certify ham radio instructors. Dick Bash - KL7IHP is almost finished with the book 
and plans to have it available in September. Price will be $14.95 (tentative) plus 
$2.50 S & H. 

- Attention Authors - 
We are seeking authors for books on RTTY, satellites (Phase 111-8 or later), antennas, and VHF/UHF 
theory. Please send for our informat~on sheet and get your book published now! 

O r d e r s  should b e  mailed to: 

Bash Educational Services, Inc. 
P.O. Box 2115 San Leandro, CA 94577 415-352-5420 

Telephone orders accepted Monday - Friday, 10 AM - 6 PM (California time) 
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fig. 1 Construction details, 2- 
meter J-pole antenna. 

into the soil and had two resonant 
radials for each band, for a total of 10 
radial wires. The inverted-V was cut 
for the middle of the 80-meter band. 
The center of the antenna was about 
50 feet high and the ends were about 
15 feet high. 

Over a period of time, Jim con- 
cluded that manmade and atmos- 
pheric noise was much less on the 
inverted-\/ and that reports received 
nearly always favored the inverted-V 
over the vertical. 

Jim said, "I feel there's an antenna 
for every location - meaning that 
what works well in one place may 
work poorly someplace else. Antenna 
experimentation for a given location 
is worth the effort. The question of 
which antenna is better is really not 
applicable; the question of which an- 
tenna, for a given location, will per- 
form better, is more precise." 

the no-code license - 
a brief history 

The present FCC proposal for a 
VH F/ U H F "no-code" license brings 
back memories to old timers who re- 
member the 1932 uproar over a simi- 
lar suggestion. 

1932 was a critical year for Ama- 
teur Radio. At the depths of the Great 
Depression, millions were out of work 
and industry was at a standstill. Many 
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young men with plenty of time but lit- 
tle money turned to the fascinating 
hobby of shortwave listening. For a 
few dollars, or even less, an old bat- 
tery-operated radio could be torn 
down and rebuilt into a simple short- 
wave receiver. Many newspapers car- 
ried columns about shortwave recep- 
t ion and shortwave clubs were 
founded for avid young listeners all 
over the country. 

These enthusiastic SWLs soon dis- 
covered the Amateur bands, particu- 
larly the phone stations. Amplitude 
modulation was exclusively used for 
voice transmission in those days and 
the signals could be readily received 
on a one or two tube receiver. 

A direct result of the SWL hobby 
was an expanded interest in Amateur 
Radio. Thousands of listeners yearned 
to be Amateurs and would have been 
- except for the bothersome task of 
learning the Morse code! Why was 
the knowledge of code required for 
"radiophone" operation, especially 
on the "ultra-high" frequencies 
above 10 meters? 

The interest in a no-code license 
came to a head in May, 1932, when 

Short Wave Craft magazine, edited 
by Hugo Gernsback, announced the 
formation of the "Short Wave 
League" (fig. 3) devoted to "the 
Amateur who is not interested in 
code, but who is interested in the 
transmission of voice only." The 
Short Wave League had no dues or 
membership fees. The charter of the 
League was vague, but the editorial 
in the issue announcing the formation 
of the League was specific: the goal 
was to be the lifting of the code re- 
striction on the Amateur "extra-short 
wavelengths." The May, 1932, edito- 
rial in Short Wave Craft promised 
that if "a sufficient number of letters 
were received, they would form a 
basis of negotiations between the 
League and the Federal Radio Com- 
mission." 

In this manner the request for a no- 
code VHF license was created. Look- 
ing back, it seems unclear whether 
the Short Wave League was merely a 
gimmick to increase magazine circu- 
lation, or in fact represented an 
authentic desire for a no-code Ama- 
teur license. For a year or so Short 
Wave Craft was full of angry letters to 
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fig. 2. 80-meter WD4FAB broadband sloper. Spreader assemblies are made of 36-inch 
long fiberglass tubes. The four antenna wires are tied together about 24 inches past 
each spreader assembly. A nylon line may be required from the crossover point of the 
spreader to the outer insulator to prevent bowing. The SWR plot of the antenna falls 
below 1.4-to-1 at 3.5 MHz; 1.25-to-1 at 3.8 MHz and 1.4-to-1 at 4.0 MHz. Feedpoint re- 
sistance of the antenna may be changed by altering the slope angle. The resonant fre- 
quency is adjusted by changing length - no climbing necessary! 
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fig. 3. The battle for the no-code Ama- 
teur license was fought - and lost - 
by the "Short Wave League" in 1932. 
The platform of the League makes in- 
teresting reading today. Point 2, which 
seems unusual today, had meaning in 
1932. Police radio was in its infancy and 
many local police organizations relied 
upon Radio Amateurs to relay mes- 
sages for them. But the real purpose of 
the League was point 3, the no-code li- 
cense for the "ultra-high" frequencies. 
As for point 5, we  are still working on 
that problem today! (Material reprinted 
from Short Wave Craft magazine). 

the editor expressing various views, 
pro and con, on the no-code pro- 
posal. It is interesting to note that 
arguments used then were strikingly 
similar to those used today. The prin- 
cipal difference between the situation 
in 1932 and that of today seems to be 
that the early no-code proposal was 
apparently a grassroots movement 
sponsored by the magazine and sup- 
ported by many of its readers. The 
Federal Radio Commission (the pred- 
ecessor of the FCC) had nothing to 
do with the launching of the pro- 
posal. Moreover, it seemed to have 
given little thought to it, since no offi- 
cial comment was made on the mat- 
ter. Most Amateurs - and QST - 
ignored the uproar, hoping it would 
go away. And, sure enough, it did. 
The fad of shortwave listening died 
out quickly and by 1934, Short Wave 
Craft magazine turned pro-Amateur 
and the no-code proposal was forgot- 
ten for a few years. 

The next no-code license uproar 
occurred shortly after World War II 
when the FCC proposed a "Citizen 
Radio Service" to be placed in the 
400 MHz region. The proposal was 
greeted with little enthusiasm by 
hams and non-hams alike because no 
commercial equipment was available 
for the band. Furthermore, because 
of the very high frequency chosen, 
any homemade rigs were of the 
"squawk-box," super-regenerative 
type, which had poor sensitivity and 
selectivity. 

Faced with a likely failure, the FCC 
next proposed to expand the un- 
wanted VHF CB service into the so- 
called "industrial-scientific-medical" 
frequency range at 27 MHz, hereto- 
fore used by Radio Amateurs on a 
secondary basis. Radio Amateurs and 
others protested the plan, predicting 
that the FCC wouldn't have the man- 
power, desire or ability to police the 
operation properly. How true that 
prediction turned out to be! And as 
the MUF rose, providing long dis- 
tance contacts at 27 MHz, CBers 
quickly discovered that with modified 
ham gear, linear amplifiers and big 
antennas, they could work worldwide 
DX just like real radio hams! And best 
of all, the FCC couldn't really catch 
them - especially if they had no li- 
cense at all and their names weren't 
in the FCC computer! No-code li- 
cense? Why worry about that when 
no license at all was necessary? 

refighting the battle of 1932 
Little was heard of the no-code 

proposal until a few years ago when it 
began to surface once again, possibly 
resurrected because of the monu- 
mental CB problem that arose about 
1976. The CB channels exploded with 
activity after CB radio received na- 
tional publicity during a truckers' 
strike. Unlicensed CB activity spread 
beyond the authorized channels, until 
today it occupies the spectrum from 
about 26 MHz to 27.99 MHz. 

One solution to the CB problem 
was to give CBers another band. The 
220 MHz ham band was proposed, 

but protests from Amateurs and the 
military finally defeated the idea. 
Probably without recalling the 1932 
hassle, and with the hope of solving 
the CB problem, the FCC proposed a 
no-code license for Radio Amateur 
operation on certain VHF bands, re- 
opening the old argument that had 
been settled decades ago. 

Why has this idea resurfaced after 
50 years? Is there a grassroots move- 
ment for a no-code license? Are the 
CBers enthusiastic about a no-code 
license? Are the Radio Amateurs en- 
thusiastic about a no-code license? 
As far as I can determine, the answer 
to these questions is no. 

If this conclusion is correct, who, 
then, wants a no-code license? (All 
eyes turn toward the FCC. ) 

The present problem, as I see it, is 
more fundamental than whether or 
not a no-code license structure is 
established. The root of the matter is 
who will control the destiny of Ama- 
teur Radio in the United States? Do 
Amateurs have a voice in their own 
destiny? A dangerous precedent can 
be set if the FCC ignores the feelings 
of the majority of Radio Amateurs 
and forces a new cla:s of Amateur 
into existence, flaunting i h e  time- 
honored foundation of Amateur 
Radio itself. 

It would be easy to establish a no- 
code Amateur group. But, once cre- 
ated, it would be impossible to dis- 
band it. The speed at which the 
undertaking advances provides little 
time for reflection or judgment of the 
long-term possibilities. 

The Morse code has been with us 
for a long, long time. It may be 
scoffed at by those who don't know 
it; on the other hand, it could be con- 
sidered a badge of honor to those of 
us who use it and appreciate it. I think 
it would be a mistake of the first mag- 
nitude if a complete new class of 
Amateur licensee were to be artificial- 
ly created who had no "feel" for the 
majestic scope of Amateur Radio - 
the Morse code included. 

ham radio 
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New low-noise microwave transistors make 
preamps in the 0.9 to 1.0 dB noise ftgure 
range possible without the fragility and power 
supply problems of gas-fet's. Units furnished 
wired and tuned to ham band. Can be easily 
retuned to nearby freq. 

For SSB. CW. ATV. FM, etc. Why pay big 
bucks for a multi mode rig for each band? Can 
be i i~~ked  with receive converters for 
transceive. 2 watts output. 

Exciter Antenna 
Input Range Output 

For VHF, 28-30 144-148 

Model XV2 
28-29 145-146 
28-30 50-52 

Kit $79.95 27-27.4 144-144.4 
Wired $1 19.95 28-30 220-222. 
(Specify band) 50-54 ZZC-ZZ~ 

144-148 50-52 
50-54 144-1 48 

- Models LNA( ). - - P30, and P432 
shorn Models to cover every practical rf 8 if range to 

listen to SSB. FM, ATV, etc. NF = 2 dB or less. 
28-30 432434 

For UHF, 28-30 435-437 
Model XV4 50-54 432636 
Kit $99.95 61.25 439.25 
wired $1 49.95 144.148 432-436. 

Tuneble 
Model Frea Ranee Noise Fleure Gain Price 
LNA 28 20-40 0.9 dB 20dB $39.95 
LNA50 40-70 0.9dB 20dE $39.95 
LNA144 120-180 1.0dB l8dE $39.95 

YNA 220 180-250 1.0 dB 17dE $39.95 
LNA 432 380470 1 .O dB l8dE (644.95 

Antenna Receiver 
lnput Range Output 

VHF MODELS 28-32 144.1 48 
50-52 28-30 

Kit $44.95 50-54 144-1 48 
Less Case $39.95 ::::;:; 28-30 
Wired $59.95 28-30 

144-144.4 27-27.4 

I 'Add $20 for 2M input 

Our traditional preamps, proven in years of 
service. Over 20,000 In use throughout the 
world. Tuneable over narrow range. Specify 
exact freq. band needed. Gain 16-20 dB. NF = 
2 dBorless. VHFunitsavailable 27 to300 MHz. 
UHF units available 300 to 650 MHz. 

P30K. VHF Kit less case $14.95 
P30C, VHF Kit with case $20.95 
P30W, VHF Wiredflested $29.95 
P432K, UHF Kit less case $18.95 
P432C, UHF Kit with case $24.95 
P432W. UHF Wlrednested $33.95 

UHF MODELS 432-434 28-30 
435437 28-30 

Kit $54.95 432-436 144-148 
Less Case $49.95 432-436 50-54 
Wired $74.95 439.25 61.25 

VHF & UHF LINEAR AMPLIFIERS. Use wlth 
above. Power levels from 10 to 45 Watts. 
Kits from $69.95. SCANNER CONVERTERS Copy 72-76,135- 

144,240-270,400-420, or806-894 MHz bands 
on any scanner. Wiredltested Only $79.95. 

P432 also available in broadband version to 
cover 20-650 MHz without tuning. Same price 
as P432; add "B" to model 8. 

FM-5 PC Board Kit -ONLY $1 59.95 

LOOK AT THESE 
AlTRACTlVE CURVES! 

I complete with controls, heatsink, etc. 
10 Watts, 5 Channels, for 6M, 2M, or 220 I 

ectors, hardwar 

lasts, get $59.95 
cabinet kit free when 

vou buv an FM-5 Transceiver kit. 

Our lab has developed a new line of lownoise 
receiver preamps wlth helical resonator filters 
built in.  hec combination of a low noise amplifier 
similartothe LNAseriesand thesharpselectivity 
of a 3 or 4 section helical resonator provides 
increased sensitivity while reducing intermod 
and cross-band interference in critical appli- 
cations. See selectivity curves at right. Noise 
figure = 1 to 1.2 dB. Gain = 12 to 15 dB. 

R451 Receiver Front End RcM I-F SBmCW'IIY 

Typical SelecIIvnV C u m  
01 Receivers and 

Hellcal Resonators. 

HRA-432. HRF-432 

M b ! !  Tuning Range Price 
HRA-144 143-1 50 MHz $49.95 
HRA-220 213-233 MHz $49.95 
HRA-432 420-450 MHz $59.95 r ~ h e r e  elsecin vou bet acomolete transceiver I 1 for only $159.95? - I 
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For years, Hamtronics " 
Modules have been used by 

7 individual hams and manufac- 
turers to make repeaters. Now, in 

r the Hamtronics tradition of top 

' quality and superb value, we are proud ' 
to offer a complete repeater package. 

K ------- 
FEATURES: 
- CCLIPITI\IIN ccrnrln Tn  NAME. NDIP-' ' '' 
r ~ C I * . , l I I V , ,  I ULVVI." I W  ,.WI.L, I . I  .bHLLI 

0.15 uV ON VHF, 0.3 uV ON UHF. 

SELECTIVITY THAT CAN'T BE BEAT! BOTH 
WlredKested 8 POLE CRYSTAL FILTER 8 CERAMIC FILTER FOR 

- - + - n ~ r n  TUALI  4 n r \  A B AT f l2KHZ. HELICAL 
:NDS SEF R144 9220, 

IW. 

uncnl cn I n n l u  IUU u 
6M,2M,220 $595 $745 RESONATOR FRONT E. --- r, r 

440 $645 $795 AND R451 SPECS IN RECEIVER AD BEL( 

Both kit end wired units en, complete with ell perts, modubs, hardware, end crystels 
OTHER GREAT RECEI\ 
PROOF SQUELCH, AFI 

CALL OR WRITE FOR COMPLETE DETAILS. OFF-FREQ TRANSMIn 
SPEAKER AMPLIFIER a ~ W I V  I nvL. 

Also evaileble lor remte site linklng/crossbend d 10M. CLEAN, EASY-TUNE TRANSMITTER; UPTO 20 WATS OUT. 

IER FEATURES: FLUTTER. 
C TO COMPENSATE FOR 
rws. SEPARATE LOCAL 
0 CnLITnnl 

INTRODUCING - - a T R A N S M I T E R S  AND NEW 1983 RECEIVERS ACCESSORIES c- 
HELICAL RESONATOR FILTERS ava~lable 
separately on pcb wfconnectors 

HRF-144for143-150MHz $3495 
HRF-220 for 21 3-233 MHz $34 95 
HRF-432 for 420-450 MHz $44 95 

(See selectiwty curves et left) 

- C 

T51 VHF FM EXCITER for 10M, 6M, 2M, 

/ 
220 MHz oradlacent bands. 2 Wattscontln- 

' 1  uous K ~ t s  only $59 95 

R144 Shown 

R1441R220FM RCVRSfor2Mor220 MHz 
0 15uVsens, 8 pole xtal f1lter8ceramlcfllter 
~n 1-1, hel~cal resonator front end for exceptional -. 
selectlvlty (curvesat left) AFC lncl , xtal oven 

COR KlTS With audio mlxer and speaker ava~l K I ~  only $1 19 95 
ampl~f~er Only $29 95 

R451 FM RCVR Same but for uhf Tuned llne 
front end, 0 3 uV sens Kit only $1 19 95 CWlD KITS 158 blts, field programmable, 

clean aud~o Only $59 95 
R76 FM RCVR for TOM, 6M, 2M, 220, or 
commerc~al bands As above, but wlo AFC or DTMF DECODERfCONTROLLER KITS- 
he1 res Kits only $1 09 95 Control 2 separate onfoff funct~ons wlth 
Also ava~l wf4 pole f~lter, only $94 951 klt touchtones". e g . repeater and autopatch T451 UHFFM EXCllER2to3Wattson450 

Use wlth maln or aux recelver or w~ th  Auto- ham band or adjacent Klts onlv $69 95. 

I patch. Only $89.95. VHFB UHF LINEAR AMPLIFIERS. Useon 
AUTOPATCH KITS. Provide repeater auto- either FM or SSB. Power levelsfrom 10 to45 

RllOVHFAMRECElVERkitforVHFaircraft patch, reverse patch, phone line remote Watts togo with exciters8 xmtg converters. 
band or ham bands. Only $84.95 control of repeater, secondary control via Kits from $69.95. 
R l l O  UHF AM RECEIVER for UHF uses, repeater receiver. Many other features. 
including special 259 MHz model to hear Only $89.95. Requires DTMF Module. 
SPACE SHUlTLE. K I ~  $94.95 A1 6 RFTIGHT BOX Deepdrawn alum. case 

with tightcoverand noseams. 7 x8 x2 inches. 
Only $18.00. 

More Details? CHECK- OFF Page 108 / 145 August 1983 45 



antenna carriage 
and track pole mount 

Mounting a rotatable antenna 
on a utility pole 

can be easy, inexpensive 

Some ingenious ways have been devised to raise 
antennas. These have included mounting a station- 
ary mast on a rotatable base; digging a hole, setting a 
pole, and then cranking the mast up and down; rais- 
ing and lowering a mast through the roof; making a 
tiltable mast, using gin poles; and using a mast with 
telescoping sections. 

The technique I've devised consists of stringing 
two cables vertically on a utility pole, 10 inches apart. 
A pulley at the top of the pole serves as a sheave for 
the steel cable that raises and lowers the antenna- 
bearing carriage. The carriage rides up and down the 
vertical cables. 

access to the top 

Mounting the pulley requires the use of an exten- 
sion ladder tall enough to reach the top of the pole. 

Start by mounting a curved block of wood on the top 
rung of the ladder as shown in fig. 1. This prevents 
the ladder from sliding sideways while positioned at 
the top of the pole. The base of the ladder should be 
secured by lashing it to  stakes driven into the 
ground. Use guy ropes to keep the ladder from 
swaying. 

pulley and cables 
Because the top of the pole is 8-112 inches (21.6 

cm) in diameter, a 9 inch (22.8 cm) die-cast alumi- 
num pulley is required. The pulley is attached to a 
pair of aluminum brackets and mounted with lag 
screws see (fig. 2). It may be necessary to use shims 
to keep the pulley in a vertical position if the top of 
the pole is not straight. 

Both a support and winch cable are needed. The 
support cable is a single 70 foot (21.3 m) length of 
114 inch (6 mm) flexible steel cable. The winch cable 
is about 75 feet (22.8 m) of 1 18 inch (3 mm) cable. A 
heavier carriage and antenna would require using a 
heavier winch cable. 

By Ira L. Simpson, KBBK, 1201 Walters Mill 
Road, Forest Hills, Maryland 21050 
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F A S T E N  BLOCK TO 
T O P  RUNG O F  L ~ D D E R  

E X T E N S I O N  
L A D D E R  

fig. 1. Wooden chock for stabilizing top of ladder. 

fig. 2. Details of assembly at top of pole. 

carriage. 
The carriage (fig. 3) is fabricated from ordinary 

slotted steel shelving upright strips available at hard- 
ware stores. Each strip is 4 feet (1.2 m) long. The 
steel support cables fit easily in the channels of these 
strips. 

Lay the steel strips on a work bench 10 inches 
(25.4 cm) apart, the required spacing for the support 
cables. Bolt two metal supports at right angles to the 
strips at points one quarter and three quarters of the 
way up the carriage. Weld the two shelving brackets 
into the bottom slots of the uprights. Then bolt the 
bottom shelf to these brackets. Make six clips which 
will slide onto the upright carriage strips to hold the 

A spring-loaded plunger (fig. 4) is attached on the 
underside of the bottom plate. When the carriage is 
in position at the top of the pole, the plunger slides 
into a mating hole in the pole, to act as a safety catch 
in case the winch cable breaks. A nylon string is at- 
tached to the eye on the plunger assembly so it can 
be released from the ground. 

antenna mast guides 
To stabilize the mast, a right angle bracket is in- 

stalled at the top of the carriage. A hole slightly larger 
than ' - diameter of the mast is made in the bracket. 
A be )ring plate is mounted over the hole while the 
mast is fitted into the rotor. The size of the bearing 
 plat^ depends on the size of the mast; some measur- 
ing and alignment is necessary to assure that the 
rotor is correctly aligned with the hole in the top 
bracket and that the mast is straight. 

winch 
The winch is mounted on the pole at shoulder 

level. Purchased from Montgomery Ward, mine was 
strong enough to pull about 1200 pounds (545 kg). It 

support cable securely in the groove when the car- 
fig. 3. The carriage. Clip can be seen on the left upright. 

riage rides up and down the cables' When Notice the pipe at the top of the carriage. This was used to 
mounting the carriage onto the support cables, hold wrap the steel cable to the carriage. The two rubber balls 
these clips in place with cotter pins. mounted at the bottom are shock absorbers. 
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was spaced far enough away from the pole for the 
handle to clear and bolted to the pole with two 318 
inch (9.6 mm) threaded rods. (Each of the two 
threaded rods should be ground to a point at one end 
and squared off to accommodate a wrench at the 
other end. Finished this way, each rod can be screwed 
into the pole by first drilling a hole slightly smaller in 
diameter and then using a wrench to turn the rod into 
the hole. A little grease may make the job easier.) 
When the rod is in place, cut away the excess length 
and mount the winch. 

vertical guide cable 
and cable spreader 

To install the vertical guide cable on the pole, 
mount a top support bracket at the top of the pole 
using two 1 I 2  inch 113 mm) bolts made from threaded 
rod (fig. 5). The cable spreader (fig. 5) is lag bolted 
to the pole about 6 feet (1.8 m) from the ground. To 
fasten the turnbuckles install a triangular plate about 
3 feet (0.9 m) from the ground using a 112 inch (13 
mm) rod through the pole (fig. 5). Lay the 114 inch (6 
mm) flexible steel carriage support cable in the top 
cable bracket and attach the turnbuckles to the 
ground end of the cables with the cable clamps. 
After the cable is installed and tightened, the carriage 
can be mounted and run up and down the pole a few 
times to assure proper operation. 

conclusion 
This simplified method of assembly, using inex- 

pensive and readily available materials, can be used 
to raise antennas to effective working heights. 

My antenna stands 20 feet 16 m) high in its lowered 
position; in the raised position, it stands 40 feet (12 
m) high. The pole to which it is attached measures 35 
feet 110.6 m). 

MOLES FOR 
LAG BOLTS 

0 

w ' 
B O T r O Y  CABLE SPREADER 

O t A Y E T E P  ALUYlNUY 

TOP CABLE SUPPORT 

TRIAUGULAR 

1 ~ 5  2r-1 

. . . . . . . . .~ - 

~ . . . . . - . . . - 
c o r r c .  Plus 

I 

_ I  

fig. 5. Construction details. 

materials list 

quantity description 
2 turnbuckles 
4 cable clamps - 114 inch (6 mm) cable 
3 cable clamps - 118 inch (3 mm) cable 
1 9 inch (22.8 cm) pulley 
1 hand operated utility winch 

70 feet 118 inch (3 mm) steel cable 
(21.3 m) 

75 feet 114 inch (6 mm) flexible steel cable 
(22.8 m) 

30 feet nylon string 
(9.2 m) 
2 upright steel shelving strips 
2 shelf brackets to fit strips 

aluminum plate 
aluminum mast material 
steel plate 
lag bolts 
threaded rod with nuts (also known as All-thread) 
steel metal for brackets, braces, and clamps. 

A few details should be noted: be sure to prime 
and paint any metal parts subject to rust. Lubricate 
as necessary. Run a ground wire from the support 
cable and the winch, and install a ground rod at the 
base of the pole. The transmission line and rotor 
cable can be run underground to the shack, if you 
wish. Remember to rotate the antenna only in the 
raised position. 

fig. 4. View of plunger assembly. 
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the hybrid ring 

Using the "rat race" 
for power combining, 

splitting, and coupling 

The hybrid ring, also known as the "rat race," is a 
device used either to divide or combine power at 
VHF and UHF. The hybrid ring is easily constructed 
using double-sided printed circuit boards; tolerances 

, in dielectric thickness and etching accuracy are not 
critical. The hybrid ring's outputs, in one application, 
can be either equal amplitude in-phase or 180-degree 
out-of-phase signals, depending on the input port 
chosen. Or it can be used as a directional coupler 
with different power levels available at the output 
ports. 

defining a hybrid 
In general, the impedance seen at any port on a 

hybrid is equal to the characteristic impedance of the 
transmission line if all of the remaining ports are 
properly terminated in this same impedance. Each 
pair of output ports must remain isolated from each 
other; the input ports must also remain isolated from 
each other. This is very important when power is to 
be divided equally to feed two power amplifiers, or 
when you wish to minimize local oscillator radiation 
during the combination of two signals (such as in a 
mixer hybrid.) The hybrid ring, or rat race, is a direc- 
tional coupler that can be used to sample power trav- 

The experimental 1296-MHz hybrid ring with inexpensive Ernie Frankes WA2EWTt 63 Hunting 
type "N" launchers. Goode, Virginia 24556 
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fig. 1. The hybrid ring provides (A )  two equal signals 
180 degrees out of phase or (B) two in-phase signals. 

eling in different directions. It is simple to construct 
and very tolerant of line-width variations when 
microstrip transmission line is used. The power ratio 
at the output ports can be varied by varying the im- 
pedances of the interconnecting lines, and the simple 
hybrid ring can provide a good match and excellent 
isolation over a f 20 percent bandwidth. The size of 
the microstrip version of the hybrid limits its use to 
432 MHz and above. 

The simple hybrid ring consists of a ring of 70.7- 
ohm transmission line terminated in four places. The 
top view of the microstrip hybrid ring etched on a 
printed wire board is shown in fig. 1A. Three ports 
are separated by quarter-wavelength sections. The 
last transmission line is three-quarters wavelength 
long, adding up to a total circumference of 1.5 wave- 
lengths. 

The hybrid ring is commonly used to split or com- 
bine rf power, and if a signal is applied to port 1 of 
the ring, the power will be equally divided between 
ports 3 and 4; the phase relationship between the 
output signals will be 180 degrees. Power incident at 
port 2, fig. 18, will also be equally divided between 
ports 3 and 4, but the two output signals will be of 
similar phase. 

Hybrid ring operation can be understood by study- 
ing the simple power divider shown in fig. 2A. An 
input signal at port 2 is equally divided at the junction 
of the two quarter-wave lines. The transmission lines 
act as impedance transformers whose characteristic 
impedance is equal to the square root of the product 
of the end impedances. If the terminations are all 50 
ohms, then the quarter-wave line transforms the out- 
put load of 50 ohms at port 3 and at port 4 up to 100 
ohms at the input, port 2. The parallel combination of 
the input impedance (100 ohms) to each of the two 
quarter-wave lines at port 2 is equal to 50 ohms. This 
divider can also be used as a combiner if two identi- 

cal signals of equal phase are applied to ports 3 and 
4. This power divider is still not a true hybrid, be- 
cause ports 3 and 4 have only 6 dB of isolation. In 
other words, a signal applied to port 3 will be 6 dB 
down when measured at port 4. 

Additional transmission lines, fig. 2B, transform 
the simple power splitter into a true hybrid. Any 
power reflected at output port 3 due to a mismatch 
arrives at the other output port 4 by two paths. One 
signal travels one-half wavelength in a clockwise ro- 
tation from port 3. The counter-clockwise signal 
appears at port 4 delayed by a full wavelength. This 
half-wave difference in arrival time and equal path 
loss causes the two signals to cancel at port 4, with 
total cancellation resulting in highest isolation. The 
reflected signal from any mismatch at port 3 arrives 
at port 1, in phase from both circular paths, where it 
is dissipated. This port is designated the isolation 
port. A detector placed at this port indicates imbal- 
ance between the output ports. The input signal 
from port 2 cancels at port 1 because the clockwise 
and counterclockwise paths differ by one-half wave- 
length. If two equal signals with 180-degree phase 

r - - - i  

OUTPUT 

70.7  OHMS 

0 
fig. 2. The hybrid ring is formed by (A) an equal split 
power divider followed by the addition of a cancella- 
tion line (6) to provide port-to-port isolation. 
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fig. 3. The theoretical response (solid line) of a 70-ohm 
hybrid ring is compared wi th  experimental results 
using semi-rigid line. 

difference are needed, the input signal can be changed 
to port 1 and the output taken from ports 3 and 4, as 
in fig. 1A. 

70-ohm rat race 
The impedance of the ring, or "race," is the port 

impedance multiplied by the square root of two (50 
ohms . a== 70.7 ohms) .  The input match of the hy- 
brid is given in terms of return loss, that is, the ratio 
of reflected power to incident power, 

return loss = - 10 logIO (rejlected power/ 
forward power) (1) 

The theoretical and experimental results of a 1.5- 
wavelength rat race are shown in fig. 3. The experi- 
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mental results, using semi-rigid coaxial cable to form 
the race, are shown for 432 and 1296 MHz. The input 
return loss is greater than 20 dB (SWR I 1.2:l) over 
a 20 percent bandwidth at port 1 or port 2. This 
means that only 1 percent of the input power is re- 
flected at the input port. The hybrid ring displays an 
equal power split (3.01 dB) to within 0.25 dB over the 
same f 10 percent bandwidth. This means that at 90 
percent and at 110 percent of the center frequency 
the output power at one port is only 0.25 dB greater 
(6 percent unbalance) than at the other output port. 
The isolation between ports 3 and 4 is greater than 20 
dB over the same bandwidth. Any mismatch at port 
3 causes the reflected signal appearing at port 4 to be 
at least 20 dB down (1  percent of the reflected 
signal 1. 

4 0  

3 5  

5 3 0  - 
2 5  

-1 

2 
5 2 0  
C 
W a 

c 15 
3 a 0 1 2 9 6  MHz PORT I  

Z 
1 0  
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P 3 1  

4 3 0  
0 '' 

2 9  A 
2 8  
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2 5  

15 

0 8 0  o 9 0  I 0 0  T o T z o  
0  85 0 9 5  1 0 5  115 

N O R M A L I Z E D  FREQUENCY ( f / f o l  

fig. 4. The experimental results using microstrip were 
also very close to the predicted values at 432 and 1296 
MHz. 
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fig. 5.  Variations in the impedance of the ring appears 
to have little effect on the operation of the hybrid ring. 

A printed-circuit board version of the hybrid ring 
was also constructed, with the results shown in fig. 
4. The width of a microstrip line on one-ounce, 11 16- 
inch thick, copper-clad Teflon-fiberglass board (e = 

2.55) is 95 mils for 70.7-ohm line and 166 mils for the 
50-ohm termination leads. The relative velocity of 
propagation in that board material for a 70.7-ohm 
microstrip line is 0.700; but it's only 0.688 for a 50- 
ohm line. The length of a quarter-wave line is thus 
shortened from its free-space value by this amount. 
The mean diameter of the ring is simply the average 
of the inner and outer diameters. The dimensions of 
hybrid rings for use at several UHF bands are given in 
table 1. 
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The effects of variations in the impedance of the 
ring are displayed in fig. 5. Variations of f 10 percent 
in impedance produce only minor changes; the 
greatest change was in the input return loss. Still, the 
hybrid displayed an input return loss greater than 
17.5 dB (SWR 5 1.3:l) over a 20-percent band- 
width. A variation of 10 percent in ring impedance 
corresponds to a line width range of from 77 mils to 
113 mils about the desired value of 95 mils, for a one- 
ounce Teflon-fiberglass PC board. This amounts to 
an almost f 20 percent variation in the width of the 
microstrip, much greater than expected. 

The PC board version used homemade microstrip- 
to-coax launchers soldered directly to the ground 
p lane.  Type -N  female  chassis connec to rs  
(UG58AlU) were modified by hacksawing a notch, 
as shown in fig. 6. The hacksaw blade was held flat 

T Y P E  " N "  C O N N E C T O R  

S O L D E R  

fig. 6. Inexpensive end launchers are formed by modi- 
fying common coaxial connectors. 

0  152.4 

0  652A 

fig. 7. An equal-split hybrid ring can also be formed 
using 50-ohm transmission line. 
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70 .7  ohms = 50 ohms tan 6 (3) 
0 = 54.7degrees  (4) 

The short cable lengths required are 0.152 wave- 
length; (54.70/360° = 0.152 wavelength). The cable 
section between ports 1 and 4 is one-half wavelength 
longer, 0.652 wavelength. The circumference is only 
1.108 wavelengths for the 50-ohm rat race, com- 
pared to 1.5 wavelengths for the 70-ohm model. A 
disadvantage of this lower-impedance hybrid is in the 
reduced bandwidth, as indicated by the frequency 
response curves in fig. 8. 

uneven power-divide rat race 
Output power ratios other than 1 : l  are possible 

through selection of different transmission line impe- 
dances between the ports. A 10-dB coupler using 
this approach is illustrated in fig. 9. For a signal input 
P I  at port 1 and in-phase outputs at ports 3 and 4, 
the value of transmission line impedance is: 

zI = z0 J P ~  z2 = z0 JM (5) 

where P3 is the output power at port 3 and P4 is the 
power output at port 4. The sum power from ports 3 

table 1. Hybrid ring dimensions for one-ounce. 1116- 
inch thick, Teflon-glass board. 

70 ohms 70 ohms 1.5A 
one-quarter three-quarter mean 

frequency wavelength wavelength diameter 
(MHz) (inches) (inches) (inches) 

432 4.78 14.34 9.13 
1296 1.59 4.78 3.04 
2304 0.896 2.69 1.71 

1 0  -1 I 

0 8 0  1 0 9 0  1 1 0 0  1 1 1 0  1 1 2 0  
0  8 5  0 9 5  1 0 5  1  I5 

N O R M A L I Z E D  F R E Q U E N C Y  (f/f,1 

fig. 8. A hybrid ring formed using 50-ohm line micro- 
strip operates over a much smaller bandwidth. 

against the center conductor until it penetrated the 
flange. The PC board was then inserted into the slot 
and soldered using a 50-watt iron. The measured loss 
of two launchers mounted to a short microstrip was 
less than 0.1 dB, the return loss was greater than 32 
dB (SWR I 1.05) through 1296 MHz. 

50-ohm rat race 
If the rat race is constructed of 50-ohm coaxial 

cable, the cable lengths between each port are 
shorter, as shown in fig. 7 .  

Z line = Zo tan 0 (2) 

where Zo is the characteristic impedance of the line 
(50 ohms) and 6 is the electrical length in degrees. 

E l  
1 5 8  O H M S  

" I N  

3@ 

I 
O H M S  

P F O R W A R D  

3 
PREFLECTED 

fig. 9. The power division is controlled by adjusting the 
ring transmission line impedance between ports. 
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fig. 10. The theoretical response of the 10-dB coupler 
appears quite good over a 20 percent bandwidth. 

and 4 must equal the input power. Constructing a 10- 
dB coupler, as an example: 

Z I  = 50 Jl /O.I  = 158.1 ohms 
(6) 

Z2 = 50 = 52.7ohms 

The output signal at port 3 is a sample of the input 
signal at port 1 with - 10 dB of coupling. To use the 
hybrid as a directional coupler standing-wave-ratio 
meter, detectors are placed at ports 2 and 3. Forward 
power is detected at port 3 and reflected power at 
port 2. Both signals are sampled 10 dB down from 
true power. The theoretical response is shown in fig. 
10. The line width for a 158-ohm line (10 mils) is just 
too thin, however, for Amateur etching. 

56 August  1983 

applications 
The principal use for the hybrid ring is to split or 

combine power. If more power is needed from a 
power amplifier than a single transistor can handle, it 
is necessary to parallel two devices. To maintain sta- 
bility the two devices must remain isolated from each 
other. The hybrid performs this function as indicated 
in fig. 11. By using the 180-degree ports, the ampli- 
fier operates in a balanced or push-pull manner as 
seen in fig. 11A. The input impedance is effectively 
four times as great as would be in the case of a single 
transistor with twice the power-handling capabilities. 
The case of an in-phase parallel amplifier is shown in 
fig. 11B. Comparison of the insertion loss between 
the two arrangements (assuming unity gain amplifi- 
ers) shows the broader bandwidth response of f ig. 
12, for the push-pull amplifier. If one amplifier should 
fail, the output power will drop to one-fourth the nor- 
mal level. The remaining amplifier will deliver one- 
half its power to the antenna and the remaining one- 
half to the termination at the isolation port. If the 
input to either amplifier were to open or short, the 
input return loss at the hybrid input port 1 would 
drop to 6 dB (SWR 5 3: l ) .  

When the rat race is used as a power splitter, each 
output will have equal amplitude and phase, pro- 
vided the ports are reasonably terminated. When it is 
used to combine the output power from two transis- 

PUSH -PULL  AMPLIFIER 

INPUT r\ 

I\ 

0 

IN  - P H A S E  AMPLIFIER 

5 0  

8 

fig. 11. The hybrid ring may be used as a power split- 
terlcombiner for a (A) push-pull amplifier or (B) an in- 
phase amplifier. 
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shaped rnater~al for boom and guylng. A"- I 74UAN w  PAN A" )I(f)bU AU 
H O E C I . * l t s  I 7  

The driver element IS made of 12 mm tublng and features a PTFE (Teflon) ~nsulated h e n  I 4  6 6 W  
S..,"Ukh 1 5 6 0  

gamma match whrch 1s p re-cud at the factory and made for 50 ohm feeder w ~ t h  a f .ootM.  4 0 6 0  
swe ( 1 6  I 

Po 
PL 259 type connector. No futther adiustments or power consuming balun needed. In- worm 

Unr D ~ a m s  50 n- ~ 4 %  
This matchlng system ensures aclean radlat~on pattern and transfers the powerw~thout E-LL- ;&mm1 ?Gm 6' 
losses. *.*I 3 1) * l u ~ o n  2 m- 3-3-C€o 
The paraslt~c elements are made of 6 mm solid rod and mounted to the boom with aid NOW I14IYbu- 114nbN- I l * m n n I s Y ~ ~ ~ ~ ~ ~ h u M F ~  t7 . *mnnlS?uw1~~~t~nN 

-W 

of a CUE DEE element washer, boom to element part and a screw. Thls, togsther w ~ t h  
our intelligible assembly manual, makes an extreamly easy and sol~d assembly which 
assures the long lrfe of a CUE DEE antenna .......... 

AVAILABLE THIS SUMMER THROUGH: 
NAMPA SATELLITE S Y S T E M S  

312 12th Ave. So., Nampa, ID 83651 
(208) 466-6727 

CUE DEE Produkter H B BOX I O, s 91 5 00 Robertsforr. Sweden, Phone 0934 151 68 
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HIGH PERFORMANCE 
COMMERCIAL QUALITY 

UHF/VHF CONVERTER KITS 

Proless~onally engineered uslng Ihe h ~ q h  Drrlormance DBM lhese k ~ l s  are des~gned w ~ t h  Ihe 
acllve VHFer an mlnd At1 Darts components and c ~ r c u ~ !  hoard are a1 !he hlghesl qualtly Golo 
aloa~nea care ensures clrcull Inteqrll} Earh k i t  ~ncluaes easy to reao lully ltlustraleo 
lnslrucllons VHF unlls use cryslal con~rol UHF converlers are lullable Cfyslal conlrol U Y F  
model$ ava~lanle snon In Ihv unltkplv rvpnl 01 conslrucllon PrOhlPmS coniplete laclory 
hack LID assI%lanrP IS ava~lablP from IralnPd lechnlccans 

T y p i c a l  Specs: 

Input lrpq 144 MH? 
Image i~lect ton - 65 dB 
LO suers + 7 10 d ~ m  outpu~ 
ronvers~on qaln t 5 0 H  

Noise 119 [luned mln N F I 1 75dR 
Noice liq l tunrd rnax aatnl 2 4 0 H  
~ d r n ~ o n i r s  - 50 OH1 

MODEL INPUT FREO OUTPUTFREO PRICE 
RCK 6/10 50 28 539 95 

6/2 50 144 39 95 
2/10 144 28 39 95 
216 144 50 39 95 
1 3 / 1 0  220 28 39 95 
1 3/6 220 50 39 95 
1 3/2 220 144 39 95 
ATV 439 60 34 95 
ATV P 439 60 39 95 

Cryslals lor VHF models avallabla S14 95 ea 
Olhsr lraqusncy convers!ons avatlsbls Spsclly requirements r /  159 

2775 Kurtz St., Suite 11, 
San Diego, CA 921 10 

m m 
2 

NO MORE BAD CASSETTE LOADS 
with 

THE 2-DUBBER 
T h e  f r u s t r a t ~ o n  of tylng t o  load a c a s s e t t e  pro ram I n t o  your S l n c l a l r  

ZX80/81 or T ~ m e x  1000 IS t h l s  w h a t  ou r e a l l v % o u g h t  your c o m p u t e r  
f o r 7  Why put up with it? Now you 2on.t have to. The Z - D u b b e r  IS a 
s m a l l  d e v ~ c e  w h l c h  c o n n e c t s  b e t w e e n  your c o m p u t e r  and c a s s e t t e  player. 
lmprovlng your loading e a s e  l 0 O n 6  

- 
T h e  Z - D u b b e r a l s o a l l o w s  you t o  c o n n e c t  two t a p e  r e c o r d e r s  t e t h e r .  to 

c r e a t e  p e r f e c t  d u p l ~ c a t e s  of your f a v o n t e  c a s s e t t e  p r o g r a m s  T h e y - ~ u b b e r  
can b e  yours for $31 95 p o s t a g e  pa~d w~thln t h e  U S . Canada & M e x ~ c o  
Add $2 50 a d d ~ t ~ o n a l  for o t h e r  p o s t a l  a r e a s  V l s a  & M a s t e r c a r d  w e l c o m e  

FOR CHARGE AND C.O.D. ORDERS 

For rlil ! I I O I ~ ~ ) ~  ~ t ~ f r , r ~ - l < ~ l ~ n ~ l  ,>I w n l c ~ ~  c a l l  or ~ n t e  

BYTESIZE MICRO TECHNOLOGY 
PO BOX 21 123 - DEPT.AQ - SEATTLE, WA 981 11 

(206) 236-BWE 
r /  118 

D e a l r r  l n a u ~ r t e s  W a n t e d  

A 

IN - PHASE 

0 0 3  PUSH-PULL 
AMPLIFIER 

C 0 2  

0 8 5  095 1 0 5  115 

NORMALIZED FREOUENCY I f / f o )  

fig. 12. The insertion loss of two hybrids is lower for 
push-pull connections. 

tor amplifiers, the input power delivered to the two 
input ports may not be equal or in phase. This may 
be due to differences in transistor gain and internal 
phase shift. The output power is then less than the 
sum of the two input powers. The percentage dif- 
ference (7) of this ideal sum of the two powers is 
given by: 

where r is the power ratio of the two input powers, 
and 8 is the phase angle between them. If the two in- 
put signals are in phase but differ in amplitude, the 
above equation reduces to: 

For an input power ratio of 2:l (3 dB)', the output 
power will be down only 0.13 dB, or 97 percent of the 
sum of the two input powers. If the amplitudes are 
balanced, but the phase of the two input powers dif- 
fers then, 

For an input phase difference of even 15 degrees, the 
output power will be down just 0.7 dB, or 98 percent 
of the available power. For a combination of a power 
unbalance of 2:l and a phase unbalance of 15 de- 
grees between inputs, one would suffer a total loss 
of only 0.2 dB, leaving 96 percent of the original 
available power. 

references 
1 .  H e n r y  S. K e e n ,  W 2 C T K .  " H t g h - F r e q u e n c y  H y b r i d s  a n d  C o t ~ p l e r s . "  ham 
r a d ~ o ,  M a r c h ,  1978 .  p a g e s  7 2 - 7 5 .  
2. J a m e s  R .  F ~ s k .  W I H R .  " M i c r o s t r t p  T r a n s m ~ s s i o n  L ~ n c . "  ham rarlro. Jan. 
u a r y ,  1978 ,  p a g e s 2 8  3 7 .  
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a digital audio filter 
for CW and RTTY 

Build a useful 
audio notch and 
bandpass filter 

This filter, designed around the National MF10 in- 
tegrated circuit, consists of CMOS (Complementary 
Metal Oxide Semiconductor) active filter building 
blocks. Each block, together with an external clock 
and a few resistors, can provide different filter func- 
tions such as notch or bandpass. 

0 

- I 0  

- 20 s 
P 
Z -30 

b 
a - 4 0  

2 
& - 5 0  
2 

-60 

NOTCH CENTER FREOUENCY 1500Hz/OIVI 

fig. 1. Notch filter response can be translated in fre- 
quency by changing the clock rate. 

BPF CENTER FREQUENCY ~ 5 0 0 H z / O I V I  

fig. 2. Bandpass filter response at two different center 
frequency settings. 

A major advantage of this type of filter is that the 
notch and bandpass position is determined by the 
clock frequency. Therefore, by varying potentiom- 
eter R2 the notch or bandpass can be moved in posi- 
tion as shown in the spectrum analyzer photographs 
in figs. 1 and 2. Fig. 1 indicates a notch filter re- 
sponse (notch depth approximately 60 dB) and fig. 
2, the bandpass display displaced in two positions. 
The bandpass filter was adjusted for CW or RTTY 
operation. 

By Don Kadish, WIOER, 135 Barbara Road, 
Waltham, Massachusetts 02134 
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cia 

C Z  
R i i  

- 'O C L X  A R12 

.L ci K s 

0 P i  
- 9v 

"A+ 

" 3 

,85151015 7/4 Wdll, 70% 

1 k 

' I N  

R1 l W  ohm 
Rt0  

R3 
R4 3% 
RS,RB.R9 101 

C 7 

R6 20k LNVll 2.- 
R7 2k 
Rl l SO0 ohm 

AGNO 
+ 9 V  

carbon polantromclers 

R2 20k - 9 V  
RlO lDDk 
R12 25k 

Ceramic capacttors 

C l  1500 pF 
C2.C3 30pF 
C4.CS,CS,C7, 
C8.C9.ClO O . l i F  

lntegrated clrcu8lr 

U l  Nat8ooal555 t m e ,  chrp 
U2 Nal#ooal CD4OllAE 
U3 National MFlO 
U4.US Natronal LF365N orequwalenl 

fig. 3. Audio notch and bandpass filter schematic. 

A 555 timer chip, U1, provides the variable clock 
input. U2 inverts the clock output to providing a TTL 
level into the clock inputs of U3. A switch, S1, is us- 
ed to switch from notch to bandpass operation. R12 
in conjunction with R11 is a volume control. A 
speaker or headphones can be directly driven by U4. 
An input volume control, R10, is used to prevent sat- 
uration of the filter stage U3. Once R10 is set it does 
not have to be adjusted further. U4 and U5 isolate 
the filter chip from the input and output connections. 

constructing and 
operating the filter 

Construction is simple; neither layout nor compo- 
nent values are critical. However, use of decoupling 
capacitors on all ICs is good practice and minimizes 
the chance of high-frequency oscillations occurring. 
All components are mounted on a single-side copper 
clad vector board. 

Filter operation requires connecting V l ~  to the 
audio output of a communications receiver through a 
phono jack and connecting VoUT to a speaker or 
headphones. Switch S2 to VIN in order to bypass the 
filter. Adjust the receiver audio gain control for com- 

fortable listening, then switch S2 to VoUT to insert 
the filter. Adjust the sensitivity control, R10, for com- 
fortable listening volume. Actually the only precau- 
tion necessary is to adjust the volume so that clipping 
of the filter stage does not occur. If clipping does 
occur, reduce the receiver audio gain until i t sounds 
"clean." 

On-the-air tests in the notch filter position gave ex- 
cellent rejection of adjacent signals. RTTY operation 
in the bandpass mode is also very simple. Adjust R2 
to the extreme end of the potentiometer (the end 
that accepts the mark and space tones). Except for 
an occasional adjustment of the volume control, fur- 
ther adjustment is unnecessary. 

dc supply voltages needed 
Any positive and negative voltage between plus 

and minus 5 and plus and minus 12 should be 
satisfactory. Batteries can be used with this device. If 
low power drain is desired, substitute a CMOS timer 
(7555) for the 555 timer. All ICs should be of the 
CMOS type. 

ham radio 
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tebook 

carrying case for If you have a leather store in your 

the IC2AT town, ask them for the scrap leather 
box. Go through it and find some nice 

To ease the crunch on my pocket- black-dyed leather about one-eighth- 
book after buying an ICOM 2AT, I inch thick. Draw the outline as 
made a leather belt carrying-case. It shown, then soak the leather over- 
cost me a total of $1 1.45, which was night to make it soft and workable. 
a considerable saving, and I had a lot After cutting it out, bend the corners 
of fun making it! by placing it between two blocks of 

wood and tapping the edge with a 
rawhide mallet. Don't punch any 
holes until you have fitted the lCOM 
inside to see if all the dimensions are 
right. Trim off the surplus leather on 
the bent-up edges and punch holes 
with a No. 2 Rampart punch. Place 
the leather on the end grain of a block 
of wood, or it will dull the punch. 

The holes should be 318-inch apart 
and staggered on the sides so the lac- 
ing will drop down each time you 
thread through a hole. Use leather 
lacing wi th a lace needle. Tie a 
figure-8 knot at the bottom of the lac- 
ing string and pull it up to the first 
hole. I laced mine starting at the 
bottom. 

- - - 3  R I V E T S  

approxunale 
4uanllly deserlpllan PrKe 

1 3 (eel lealhel lace 11 30 
1 lace needle 75 
7 No 2 Rampart punch 2 35 

7 pound scrap leather 4 50 
1 dozen rrrels lo Ill lealher 60 

Note- There llems can be purcharcd ol Mscpherroo 
Leather Corn.. 7337 5th mrenus, Sari Dssqo, Cafilorn,a 
92101.11 you can'l obtarn them lacally 

BEFORE PUNCHING ~ O L E S  I 
T R I M  E D G E  TO F I T  UNIT- 

~ l / P ' l l 3 m m l  HOLE FOR 
C H A R G E R  PLUG 

4 

( 7 6 m m )  

C U T  OUT FOR SW 

1 

CUT OU T FOR 

T O N E  PAD 

\ 

L C U T  OUT l " f 2 5 m m l  
SOUARE FOR SW 
ACCESS 1 

P U N C H  A L L  H O L E S  w i r Y  
WO 2 RAMPART P U N C H  i 

I U N D  STAGGER S I D E  I f O L E S  l 

K L L O W  FOR 0 
BENOiNG RADIUS 
4 p p R 0 r 1 ' 4  3 (3 0 0 3 0 0 0 0 C) 0 
16 d m m l  

D E P E N D I N G  ON I 
L E A F Y E P  T H I C K N E S S  

I I 

- 6 - - - - 2 -  6 
- - 

~ I S P ~ ~ I  , 5 , m n  7- - -  ( 1 5 2  m m ~  -4 
fig 1 Pattern for belt carrying-case. 
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The holes for the rivets are also 
punched with the Rampart punch. 
(Be sure to buy rivets long enough to 
go through the leather.) I use a 
separate belt to carry my ICOM slip- 
ped through the belt holder. The belt 
strap is riveted to the case. 

Ed Marriner, W6XM 

low-duty-cycle tune-up 
method for transmitters 

Having found from sad experience 
that most final amplifier tubes experi- 
ence dahage and life shortening dur- 
ing tune-up, I decided to use my 
automatic electronic keyer as a duty- 
cycle device to cut down tube dissi- 
pation during this critical adjustment 
period. Put your transmitter in the 
CW position and set your keyer t o  
send dots in  the highest speed 
mode." Because your transmitter is 
on only a fraction of the time, your 
average plate dissipation is low, and 
you will find it almost impossible to 
damage your tubes during tune-up. If 
you work phone often, you can leave 
your transmitter in the SSB condition 
and feed the keyer's audio side tone 
into your microphone input circuit. 
This is readily accomplished with a 
simple switch and a small variable po- 
tentiometer used to set your input at 
the desired voltage level. This 
method will save you the trouble of 
changing your transmitter mode swit- 
ches from SSB to CW and back to 
SSB when you want t o  tune up. 
When you use this technique for 
phone, you avoid the necessity of 
yelling AHHHHHHHHHH into the 
microphone, a rather unscientific way 
of establishing a tune-up reference 
level. 

If you do not have an automatic 
keyer, a relay connected to act as a 
buzzer with an RC time constant cir- 
cuit can be used to provide an inter- 
mittent on-off low-duty-cycle keying 
signal. I prefer the automatic keyer, 
as the tone is a lot cleaner than when 
using the relay buzzer technique. 

Wil l iam Vissers, K4KI 

'IJse n iiummy load a! all tlrnes - Editor 

ppler Direc 
. >.- - 

cular LED 
.-I-.. 

Hods 
ed 

* Do 
l I R E c n 0 N  F r L  
:tion - 

Fina~ng ,play * No Receiver I tional Digital * Mobile or Fix ;play * Kits or tional Serial 
Assembled UI .&--a * 135-165 MHz 
Standard Ran 

New Technology (patent pending) converts any VHF FM recelver Into an aavl 
Doppler Direct~on Finder. Simply plug into receiver's antenna and external sp 
jacks. Use any four omnidirectional antennas. Low noise, high sensitivity for 
signal detection. Kits from $270. Assembled units and antennas also available. ( 
write for full details and prices. 

@ DOPPLER S\ 0 ~ttsdale, E. Charter AZ 85254 Oak, (602) 998-1151 

GI law 

VDC Opera 
Day Warra 

leaker 
weak 

:all or 
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- SPECIAL OFFER TO LICENSED HAMS - 
Do you think Ham Radio is the number 1 Amateur 

Are you interested in Satellite Television? 

Believe me- this is the number 1 
Satellite TV Publication! 

Now ... as a special offer to licensed amateurs only - we 
will send you a sample copy of Satellite TV Magazine for 
only$1.00* (Reg.$2.95) and offer you an annual subscrip- 
tion for only $24.95* (Reg. $29.95). 

Chris J. Schultheiss VE-2FRJ 
Just give us your name and QTH Editor & Publisher 

___________Y____-_------------------------- 

Name - 

Address 

Please Enclose Check or Money Order or if you prefer we accept Visam & Mastercard". 

Card Number 

'All Prices in US Funds. 
orth Carolina 281 50 178 1-800-438-2020 

BEAM ANTENNA HANDBOOK 
by Bill Orr ,  W6SAI 

RADIO MODEM Recommended readlng Commonly asked questions like: What 1s the best 
element spacing? Can dttterent yagl antennas be stacked wlthout losing 
performance? Do monoband beams outperform tribanders? Lols of construc- 
tlon prolects. diagrams. and photos. 198 pages 1977.  1st edltton 
ORP-BA Softbound $7.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill Orr ,  W6SAI 
Learn how lo bu~ ld  simple, economical wire antennas. Apartment dwellers 
take nolet F w l  your landlord and your neighbors wlth some of the "lnvis- 
lble" antennas lound here. Well d~agramed. 192 pages (;,I972 

r /  161 

Tell 'em you saw it in HAM RADIO! 

S E N D  & R E C E I V E  CW & R l T Y  
l i  AMINALL 81 d h i l rdna l t l  .lnlt rnllwrrr . ' , '. . 
.Is,m, ..,hlch cor,vertl yilur P,.,.o~.,I c<,F, ,... . ,.. , ., . .  . .. .. ,., t 
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key I*k .*q,,j M o w  rm. At lwh n nll~!ti ~ran-n,! tlr'lay 11~.w nrr* n .,,., > 
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l u v  atiromatsl SBX p l a q ~  a c l w  Ll~et nkqlor8vr 01 y r w  1-1mnl l v w r  r m  
n m 1 r L , 1 0 1  and auto aiMo!lm M n v  ml*ni,r rpmd oul w, nr>*y a,l'rrenc nD 
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ORP-WA Softbound $7.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
by William I. Orr,  W6SAI and Stuart Cowan, WZLX 

Contains lots ot well llluslrated constructlon projects for vertical, long wlre. 
and HF/VHF beam antennas There IS an honest ludgmenl of antenna galn 
I~gures, ~nlormat~on on the best and worst antenna locallons and hetghts. a 
long l w k  at the quad vs the yagl anlenna. lnlormatlon on baluns and how 
to use them, and new ~ntormatlon on the popular Sloper and Delta Loop 
antennas The text 1s based on proven data plus practical, omthe-atr experi- 
ence. The Radio Amateur Antenna Handbook will make a valuable and 01len 
consulted reference 190 pages C: 1978 
ORP-AH Softbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill Orr, W6SAI 
The cublcal quad antenna IS considered by many to be the best OX antenna 
because of 11s slmple, lightweight des~gn and h ~ g h  performance. You'll l lnd 
quad des~gns lor everything lrom the slngle element to the multi-element 
monster quad, plus a new. h~gher gain expanded quad (X-0) design. 
There s a wealth ol supplementary data on constructlon, leeding, tuning, 
and mountlng quad antennas 112 pages !c 1977 
GRP-CR Softbound $6.95 

Please add $1.00 to cover sh~pplng and handling. 

H A M  RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 r /  142 



H HRM RRDlO \I 3 GET YOUR LICENSE 
THE EASY WAY! 

Over 200,OO persons have used TUNE IN THE WORLD WITH HAM RADIO as their 
steppingstone into Amateur Radio, the space-age hobby. The third edition of this 
popular package consists of 134 pages of easy-to-understand text and an addi- 
tional 26 pages of equipment and publication advertising. The cassette prepares the 
prospective Novice for the 5-words-per-minute code exam by teaching the code 
character by character-a proven method. Code practice at 5 words per minute 
follows. Packed into the Tune in the World booklet are chapters on: 

EXPLORING HAM RADIO: Hams come from all walks of 
life: age is no barrier; building your own station; a look back 
in time. 

MANAGING THE RADIO SPECTRUM: The FCC: rules 
and regulations; the Novice license; licensing classes. 

LEARNING YOUR NEW LANGUAGE: The Morse Code- 
whe every ham knows it; how to learn it the right way. 

UNDERSTANDING BASIC THEORY: Easy-to-learn ex- 
planation of electronic theory and what you need to know 
to qualify for a Novice license. 

SETTING UP YOUR STATION: Choosing a location; how 
to select your equipment; what antenna to use; glossary. 

OVER THE AIRWAVES PAINLESSLY: How to operate; 
tuning up; safety; identifying stations in foreign countries; 
awards; clubs; The ARRL and QST. 

Enclosed is (or amount to be charged) $ in U.S. funds for - copies of Tune i n  the World with Ham 

Radio at $8.50 each. On orders under $10.00 please include $1.00 additional for postage and handling. 

( ) Payment enclosed Charge to my: ( ) Mastercard ( ) VISA ( -) American Express 

Acct. # Good from - Good to 

Mastercard bank # 

Date Signature (charge orders only) 

Name (Callsign) 

Address 

City State/Prov. Zip/PC 

Mail your order to: THE AMERICAN RADIO RELAY LEAGUE. INC. 
225 MAIN STREET 
NEWINGTON. CT 061 11 HR 

More Details? CHECK - OFF Page 108 r /  110 August 1983 65 



last-minute forecast 
DX conditions for August will de- 

pend on which of two solar longi- 
tudes is active. Recent information 
indicates that the lower hf bands (30- 
160 meters) will be best around the 
9th and the higher hf bands (10-30 
meters) about the 23rd. However, it's 
possible that just the reverse will oc- 

FOR ECASTER 

tenuation and QSB; transequatorial 
paths (geomagnetic equator) are 
next, and mid-latitudes the least dur- 
ing these storms. Night-time QSB is 
usually the worst. Auroral QSB is 
often fast enough to cause signal 
"flutter" and is associated with VHF 
auroral scatter propagation openings. 

cur. The deciding factor is the 10.7 
cm radio flux readings obtained from 
WWV's broadcast at 18 minutes after 
the hour. When flux is above 120, use 
the higher bands. In either case, dis- 
turbed periods are expected around 
the 6th, 15th, and 27th of August 
with a three day spread on either side 
of each date. 

The moon's perigee will occur on 
the 8th, with a full moon on the 23rd. 
The Perseids meteor shower occurs 
from the 10th to 14th, with its maxi- 
mum on the I l t h  and 12th with better 
than fifty meteors per hour rate. This 
is an excellent shower. 

more on fading 
Long duration (slow fade) signal 

level attenuation was discussed last 
month. We now consider shorter du- 
ration fading or QSB. Two ionospher- 

Garth Stonehocker, K0RYW MUF failure 

ic conditions (see last month's table, 
shortwave fadeout and MUF failure) 
are related to QSB. Listed in this 
month's table are fading characteris- 
tics with possible solutions for each 

type. 

shortwave fadeout (SWF) 
or ionospheric storm 

SWF fading is caused by the geo- 
magnetic field variations that modu- 
late signal (evels. The fades are 
deeper than those caused by solar 
variations and signal levels take 
longer t o  return to  normal. The 
geomagnetic field variations are caus- 
ed by an in-flux of solar wind particles 
during the daytime and trapped par- 
ticles by night. Particles spiral down 
toward earth following geomagnetic 
field lines in the polar regions. Particle 
variations are transmitted to the ions 
and electrons in the ionosphere and 
consequently affect the signal level. 
This signal modulation occurs at its 
maximum penetration into the iono- 
spheric layer during refraction provid- 
i n g  c lues o f  t he  s ta te  o f  t he  
ionosphere. Higher latitude propaga- 
tion paths (greater than 60 degrees - 
Auroral zone) suffer the most at- 

type of 
"fade" 

SWF 
MUF 

speed/ best frequency 
characteristics to use 

slow higher band 
slowlall day higher band 

fast lower band 
stowldeep lower band 

best time 
to  operate 

night/wait 2 hours 
night 

day 
early next day 

Consider this: during an afternoon 
15 meter opening from the states to 
South Africa, you note that there's a 
weak, long-duration fade on signals. 
After 15 minutes the QSB deepens 
and becomes even longer in duration. 
Signal peaks are louder (the result of 
focusing) and nulls quite a bit  
weaker. This is explained by the fact 
that the geomagnetic field separates 
transmitted energy into three compo- 
nents that travel their separate ways 
to the receiver. The energy compo- 
nents from the DXer's transmitter are 
beating against each other, almost 
like zero beating two audio frequen- 
cies, until they peak at the MUF, then 
both decrease in signal strength to a 
minimum level. This weaker signal is 
a result of ionospheric forward scat- 
ter and has a rough sounding note 
(see QST for January, 1982). Many 
times this signal is not heard since it is 
as much as 40 dB weaker than a 
normally propagated signal (near the 
MUF). 

Another case where the signal 
takes multiple paths in the ionosphere 
is at a frequency lower than the MUF. 
This frequency is low enough (50 per- 
cent below the MUF) to propagate by 
the F2, F1, or E layer. A time delay of 
between 3 to 8 milliseconds occurs 
between the signals' arrival, causing 
RTTY pulse elongation errors in addi- 
tion to its effect on DX signals. It's 
possible to be too close or too far 
from the MUF, with its resultant poor 
propagation conditions. 

Often these modes of fading might 
exist simultaneously. However, when 
they can be heard separately, useful 
information is available for predicting 
near future DX conditions. +IJ, 
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"Look at next higher band for possible openings. 
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This tower is ready for found a 118" clearance on the 
shipment to one of our wedged guide, he placed 
customers, or is it? ed tag of rejection on 
If we were an his tower and made 
ordinary tower ure it was corrected 
company, this 1116" before he 
tower would tamped his final 
have already approval for 
been sent. shipment. 

We are not Every 
an ordinary employee 
tower company at Tri-Ex 
and that is knows that 
why this tower the reputa- 
did not go tion you estab- 
out. lish in an industry 

We have the best is what will make 
quality control in the or break his com- 
, business and we are pany. That is why 

not afraid to say so. That Tri-Ex has been in bus- 
is why when John Pasillas iness continually since 1955. 

/ > 

When you purchase your tower from Tri-Ex, you 
can be assured that all welds have been done by 
certified welders, all construction and galvanizing 
has met ASTM standards, all towers have been 
constructed in precision jigs, all steel has been 
tested for carbon content and tensil strength. 

When it goes to shipping, John is ready. 

band-by-band summary 
Ten, fifteen, twenty, and thirty 
meters will support DX propagation 
from most areas of the world during 
daylight and into the evening with a 
lengthened skip out to 2500 miles 
(4000 km) per hop. The amount of 
daylight is still near the yearly maxi- 
mum, providing many hours of good 
DXing. 

L 

When you decide on Tri-Ex 
you have many models to 
choose from. 

STACKED: 
Light, medium, heavy duty 
10 feet and up. 

CRANK UPS: 
Light, medium, heavy duty 
25 feet to 88 feet standard. 

SPECIAL TOWERS: 
Sky needle, Clementower 
37 feet to 180 feet & higher 

Thirty, forty, eighty, and one-sixty 
meters are the night DXer's bands. 
On many nights 30 to 40 meters will 
be the only usable band because of 
thunderstorm QRN, but signal 
strengths via Es short skip may over- 
come the static, when Es is available. 
Although Es is available in August, it 
should be tapering off toward next 
month. Try the pre-dawn hours for 
less QRN. 

ham radio 

J 

Introducing Tri-Ex's new DX-86 
- 86 feet tall, 25 square feet in 
a 50 mph wind. 
Call you local dealer for details. -- 
FOR AOOlTlONAL INFORMATION WRITE TO: 

%i TOWER 

CORPORATION 
7182 Rasmussen AVO. 
V~salia, Calif. 93291 

P.O. Box 5009 
Visalia, California 93278 

(209) 651 -21 71 

new solar index bulletin 
A new monthly bulletin from 

the National Geophysical Data 
Center provides solar information 
including: 

daily sunspot number tabu- 
lation from previous month 
list of latest predictions of 
smoothed~sunspot numbers 
daily radio flux tabulation of 
the quiet sun at 9 wave- 
lengths 
non-technical explanatory 
text 

To subscribe, send check or 
money order ($20 for one-year 
subscription), payable in U.S. 
currency and made out to the 
U.S. Department of Commerce, 
NOAAINGDC, to the National 
Geophysical Data Center, Solar- 
Terrestrial Physics Division 
(EIGC21, 325 Broadway, Boul- 
der, Colorado 80303. To charge 
your subscription on American 
Express, phone 303-497-6324 or 
include account number and ex- 
piration date with written order. 

ham radio 
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I Systems Engineers 
... with experience in land mobile com- 
mercial communications systems. Will 
include conceptual development, 
planning, specifying, designing of 
highly complex communications 
systems utilizing wireline, HF VHF 
UHF; and microwave transmission 
media to convey voice, video, and 
data signals. Foreign assignments may 
be available a t  a future date. Technical . degree preferred, but significant current 
experience may be substituted. 

Please send your resume to Lockheed- 
Ontario, Dept. 1-542-52, PO. Box 33, 
Ontario, California 91761. Lockheed is 
an equal opportunity employer, 
MIFIHIV. U.S. citizenship required. 

--  
We areTt?chnology and Systems, 

CLOSE OUT SPECIAL 
SAVE 50% 
Call Directories * 

The low-cost answer to your call and OTH questions. 

AMATEURS LISTED BY AREA AND CALL SIGN 
It s llnally been done A complete dlre~tory 01 all l~tensed Radlo Arnatpurs 
~n the U 5 at lhree quarlers Ihe prlce 01 the other well known book Slmllar 
~n layout and appearance bul prlnted on h~gher quality paper for easler 
readlng. thls book 1s a lull 8'/?" x 11" and IS very easy to handle Gener~c 
~n appearance but oh what  a value'  Over 410 000 llcensed Amateurs 
Ilsted 1983 

CIBM-CO Softbound $10.45 
( $ 7  4 9  + $3 00 ShtDDlnql 

Two More Call Directories 
Here are IWO other call dlrectorles nevpr betore avdllable A btt expensive 
but well worth every dollar See who the other Amateurs are In your area 
Find those old tr~ends you lost track 01 many years ago Perfect lor your 
club or your own l~brary 

AMATEURS LISTED BY GEOGRAPHICAL 
LOCATION 
Llsls Amateurs In each lown ~n U S 1983 

C, BM-GA Softbound $15.50 
($12 50+ $3 ShlpDlng) 

AMATEURS LISTED BY NAME 
An alphabellcal llsllnq 01 all U S Amateurs 1983 

LIBM-AL Softbound $15.50 
(S t?  50 + $3 zhlp~tnql  

HAM RADIO'S BOOKSTORE 
Greenville, NH 0 3 0 4 8  

,& K.V.G. 

I 9 MHz CRYSTAL FILTERS 
Appli. Band. 

MODEL cation width Poles Price 
XF-9A SSB 2.4 kHz 5 $53.15 
XF.9B SSB 2.4 kHz 8 72.05 
XF.98.01 LSB 2.4 kHz 8 95.90 
XF.90-02 USB 2.4 kHz 8 95.90 
XF.9B.10 SSB 2.4 kHz 10 125.65 
XF-9C AM 3.75 kHz 8 77 40 
XF.9D AM 5.0 kHz 8 77.40 
XF.9F FM 17n kH7 R 77 40 - -  - 
XF % cw 500 HZ 4 54 10 
XF 9NB CW 500 Hz 8 95 90 
XF 9P CW 250 Hz 8 131 20 
XF910 IF noose 15 kHz 2 17 15 

I 10.7 MHz CRYSTAL FILTERS 

I XFlO7.A NBFM 12 kHz 8 567.30 
XF107.B NBFM 15 kHz 8 67.30 
XF107.C WBFM 30 kHz 8 67.30 
XFlO7.D WBFM 36 kHz 8 67.30 I ~ ~ 1 0 7 . ~  PlxlData 40 kHz 8 67.30 
XM107.SO4 F M 14 kHz 4 30 15 . - -  
Export lnqulrles Invited Shlpplng 53 50 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your exlstlng HF or 2M rig onother VHF or UHF bands 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691-137 5224.95 
1296 MHz MMk1296.144 119.95 
43Z435 MMc432-28(S) 74.95 
439-ATV MMc439-Ch x 84.95 
220 MHz MMc220-28 69.95 
144 MHz MMc144.28 54 95 
Opt~ons: Low NF (2.0dB max.. 1.25dB max.), olher bands 8 IF'S available 

LINEAR TRANSVERTERS 
1296 MHz 1.3 W output, 2M ~n MMt1298-144 5339.95 
43Z435 10 W output. 1OM in MMt432-28(S) 269.95 
144 MHz 10W output. 10M on MMt144-28 179.95 
Other bands 6 IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 10 W output MMLl29ElOL 
432435 lo0  W output MML432.100 

50 W output MML432.5O.S 
30 W output MML432.30:LS 

144 MHz 100 W output MML144-100LS 
50 W Output MML144.50-S 
30 W output MML144.30-LS 
25 W output MML144.25 

All models Include VOX TIR switchina. 

5 ask 
399.95 
214.95 
189.95 
254.95 
214.95 
109.95 
99.95 

"L" models 1 or 3W drlve, others 10~-drive. 

Shipping: FOB Concord. Mass. 

ANTENNAS 
420.450 MHz MULTIBEAMS 
48 Element 701MBM48 15.7dBd 
88 Element 70lMBM88 18.5dBd 

144-148 MHz J-SLOTS 
8 over 8 Hor. pol D812M 12.3 dBd 
8 by Evert. pol D&2M-vert 12.3dBd 
8 + 8Twist BXY12M 9.5dBd 

UHF LOOP YAGlS 
1250.1350 MHz 29loopS 1296LY 20dBl 
1650-1750 MHz 29looos 1691.LY 20dB1 ~ ~ 

Order LoopYag~ connector extra: 

Sena 4W (2 slamps) lor lull detalls of all your VHI 
men1 and KVG crystal product requlremenls 

563.40 
76.95 
ask 

$44.95 
55.95 

Type N 514.95, SMAf5.95 

21 45 
RUM 
.an- 

- 

R N A l  IUNHL, INL 

st Office Box 1084 
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antenna hinge 
A method 

of mounting your beam 
more easily 

with less help 
For more than th i r ty  years I have used a method of 
erecting a beam that enables me to put up the anten- 
na either by myself or with a minimum of assistance. 
I use a simple hinge that permits a Yagi-type antenna 
to be changed from a horizontal to a vertical position 
with the removal of a single bolt ( f ig. 1). The hinge is 
made of two pieces of channel steel or aluminum, 
with the latter preferred since it's lighter. 

The hinge should be as long as the top of the 
tower is wide. This ensures that when the antenna is 
tilted to a vertical position the bottom half of the 
antenna is parallel to the tower. The top half of the 
hinge should be at least 4 inches (102 mm) wide 
when you're using it with an antenna boom 2 inches 
(51 mm) in diameter; a larger-diameter boom requires 
a wider hinge. This is necessary so that the U bolts, 
muffler clamps, or the mounting method recom- 
mended by the beam manufacturer will give you 
enough clearance on the bottom of the top piece for 
properly tightening the nuts. 

typical hinge dimensions 

bottom half inches f m m l  top half inches f m m )  

length 14 (356) length 14 (356) 
width 5 1127) width 4 (102) 
height 1-718 (48) height 1-112 (381 
thickness 318 110) thickness 3/16 (4.8) 

The bottom half of the hinge is positioned with the 
flat side down (channel up), and the top half, with 
the flat side up (channel down), is mated with the 
bottom half. In-line holes are drilled through both 
pieces approximately 314 inch (19 mm) from the 
ends. These holes should be slightly oversize to free- 
ly accept 112-inch bolts 6 inches (152 mm) long. This 
is all that is required at this time. 

hinge-to-mast 
mounting plate 

The plate shown in fig. 2 is cut from 3/16-inch 
(4.8-mm) steel that measures 17 x 14 inches (43.2 x 
35.6 cm). It is almost necessary to have a machine 
shop fabricate it. In order to reduce weight, 4 x 12- 
inch (10.2 x 30.5-cm) triangles are cut from each 
side prior to making a 90-degree bend that provides a 
horizontal shelf 5 inches wide x 14 inches long (12.7 
x 35.6 cm).  This leaves a vertical section 14 inches 
wide at the top, 6 inches wide at the bottom, and 12 
inches high (35.6 x 15.2 x 30.5 cm). 1 The bottom of the hinge can now be mounted to 
the 5 x 14-inch shelf using four 5116-inch x 1-inch ' 
bolts. The holes are approximately 1-1 12 inches (3.8 

i cm) in from each end of the shelf and hinge. 

, parts assembly 
Mount a short section of the boom to the top half 

of the hinge. Mate the two pieces of the hinge and 
insert the hinge bolts. Remove one of the bolts and 
the position of the boom can now be changed from 
horizontal to vertical. Repeat the procedure by re- 
placing the first and removing the second bolt. While 
this temporary section of boom is in place, two addi- 
tional holes are required approximately 3 inches (7.6 
cm) from each end of the hinge on both sides of the 
boom. Holes to accommodate 318-inch (9.5-mm) 
bolts are.drilled through both pieces of the hinge and 
mounting shelf, clearing the boom. 

After the antenna installation has been completed, 
the last thing to do before coming down the tower is 
to install the above bolts (318 x 2-112-inch) to join 
the hinge and mounting plate. Without the bolts, 
wind vibration could damage the hinge. Mark the 
hinge, top and bottom, so that the ends can always 
be correctly mated. If reversed, some of the holes 
might not be in alignment. 

Check the antenna for balance before mounting it 
on the tower. If you balance it well, little effort will be 

By J .R.  Yost, N4LI. Route 3, Box 342, Mocks- 
ville, North Carolina 27028 
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fig. 1. Beam antenna supported by the antenna hinge. 

fig. 3. The hinge attached to the mast during erection of the 
antenna. 

\ 

fig. 2. The hingelmast mounting plate. 

needed to change the antenna from a horizontal 
position to a vertical one. 

mounting the antenna 
If the antenna weighs more than 50 pounds a gin 

pole is recommended. The antenna with all elements 
in place is positioned on the ground at the base of the 
tower with the boom at a right angle to the tower. 
The rope from the gin pole is tied to the boom near 
the end nearest to the tower. By pulling the rope you 
can stand the antenna on end and lean it against the 
tower. The rope tied to the boom can now be reposi- 
tioned to a point 1 or 2 feet above the hinge. A helper 
on the ground can pull the antenna up the tower, 
assisted by one man near the top of the tower. The 
antenna is kept in a vertical position right up to the 
point where the bottom end of the hinge attached to 
the boom is at a right angle to the horizontal half of 
the hinge attached to the mast (fig. 3).  At this point 
the holes in the two pieces of the hinge should be 

fig. 4. Bolts in place secure the hinge. 

aligned and a hinge bolt inserted. With this bolt in 
place the antenna is secured to the antenna mast 
(fig. 4). 

final note 
Carefully plan your antenna installation. Write up 

each step to be taken including the tools needed. Al- 
ways use a safety belt when working on the tower. 
Make sure there is no way for the antenna to get near 
a power line. And always have someone standing by, 
clear of the tower and the antenna, in case of an 
emergency. 

ham radio 
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Ham Radio's guide to help you find your locz 

California 
C & A ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105 
CARSON, CA 90745 
213-834-5868 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
714-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
619-463-1886 San Diego 
800-882-1 343 Trades 
The Home of the One Year Warranty 
- Parts at Cost - Full Service. 
Habla Espanol 

SHAVER RADIO, INC. 
1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-1 103 
Azden, Icom, Kenwood, Tempo, 
Ten-Tec, Yaesu and many more. 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 88 1 
Call today. Friendly one-stop shop. 
ping at prices you can afford. 

Delaware 
DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, DenTron, Yaesu, 
Azden, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33515 
813-461-HAMS 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE 
ORLANDO, FL 32803 
305-894-3238 
Fla Wats. 1 (800) 432-9424 
Outs~de Fla: 1 (800) 327-1917 

AMATEUR RADIO CENTER, INC. 
2805 N E. 2ND AVENUE 

1 MIAMI, FL 33137 
305-573-8383 

1 The place for great dependable 
names In Ham Rad~o 

1 RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO 

' CLEARWATER, FL 33516 
813-535-1416 
Your complete Amateur Rad~o and 
Com~u te r  Store 

I Illinois 
ERICKSON COMMUNICATIONS, INC. 1 5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 

1 Chicago - 312-631-5181 
Outside l l l~nois  - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 1 9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 I 812-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

I Kansas 
1 ASSOCIATED RADIO 

8012 CONSER, P. 0 .  BOX 4327 1 OVERLAND PARK, KS 66204 
91 3-381-5900 
America's No. 1 Real Amateur Radio 
Store. Trade - Sell - Buy. 

Kentucky 
L & S RADIO 
307 McLEAN AVENUE 
HOPKINSVILLE, KY 42240 
502-885-8071 
Ten-Tec, Azden, Ameritron Sales and 
Service. 

Maryland 
THE COMM CENTER, INC. 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20707 
800-638-4486 
Kenwood, Drake, Icom, Ten-Tec, 
Tempo, Microlog, AEA, Ameritron 

Massachusetts 
TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3040 
617-486-3400 (this is new) 
The Ham Store of New England 
You Can Rely On. 

Minnesota 
MIDWEST AMATEUR RADIO SUPPLY 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
61 2-521 -4662 
It 's service after the sale that counts. 

I Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 

1 702-647-31 14 
Dale Porray "Squeak," AD7K 

I Outside Nev: 1 (800) 634-6227 
- - -  

I JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

I 
New Jersey 

RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 
800-526-0903 
New Jersey's only factory authorized 
Yaesu and lcom distributor. New and 
used equipment. Full service shop. 

I 

ROUTE ELECTRONICS 46 
225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201 -256-8555 

ROUTE ELECTRONICS 17 
777 ROUTE 17 SOUTH 
PARAMUS, NJ 07625 
201 -444-871 7 
Drake, Cubic, DenTron, Hy-Gain, 
Cushcraft, Hustler, Larsen, MFJ, 
Butternut, Fluke & Beckrnan 
Instruments, etc. 

I 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for comdete details. 
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New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

GRAND CENTRAL RADIO 
124 EAST 44 STREET 
NEW YORK. NY 10017 
21 2-599-2630 
Drake, Kenwood, Yaesu, 
Ten-Tec, DenTron, Hy-Gain, 
Mosley in stock. 

HARRISON RADIO CORP. 
20 SMITH STREET 
FARMINGDALE, NY 11735 
51 6-293-7990 
"Ham Headquarters USA" since 
1925. Call toll free 800-645-91 87. 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
TOLL FREE 1 (800) 448-9338 
NY Res. 1 (31 5) 337-0203 
Authorized Dealer - ALL major 
Amateur Brands. 
We service everything we sell! 
Warren K2lXN or Bob WA2MSH. 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
216-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood and all other 
Ham gear. Authorized sales and ser- 
vice. Shortwave headquarters. Near 
1-270 and airport. 

Oklahoma 
DERRICK ELECTRONICS, INC. 
714 W. KENOSHA - P.O. BOX A 
BROKEN ARROW, OK 74012 
Your Discount Ham equipment dealer 
in Broken Arrow, Oklahoma 
1-800-331 -3688 or 
1-91 8-251 -9923 

Pennsylvania 

HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
21 5-357-1 400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSY LVANIA 18509 
71 7-343-21 24 
Icom, Bird, Cushcraft, Beckman, 
Fluke, Larsen, Hustler, Astron, 
Antenna Specialists, W2AUIW2VS, 
AEA, BBW, CDE, Sony, Vibroplex. 

THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP, PA 18707 
71 7-868-6565 
Lunar, Microwave Modules, ARCOS, 
Astron, KLM, Tama, Tonna-FSFT, 
UHF UnitslParabolic, Santec, Tokyo 
Hy-Power, Dentron, Mirage, 
Amphenol, Belden 

Texas 

MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON, TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Virginia 
ELECTRONIC EQUIPMENT BANK 
516 MILL STREET, N.E. 
VIENNA, VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
of Surplus Electronics. 

Wisconsin 

AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 



technical forum 
Welcome to the ham radio Technical Forum. The purpose of this feature is to help you, the reader, find answers to your questions, and 
to give you a chance to answer the questions of your fellow Radio Amateurs. Do you have a question? Send i t  in! 

Each month our editors will select 
the best answer received to a 
question previously posed in 
Technical Forum. We'll send the 
writer a book from our Bookstore 
as a way of sa ying thanks. 

measuring small values 
I noticed that K9EBA (ham radio, 

February, 1983) was having trouble 
trying to measure small values of in- 
ductance, so I've decided to add my 
comments. 

I built my own version of the induc- 
tance meter described by Ed Marri- 
ner, WGXM, in the April, 1982 issue 
of ham radio. Since I wanted to be 
able to measure values of L over a 
wide range, I decided the easiest way 
to do so was to use different rf fre- 
quencies, separating that function 
from the amplifier and meter ampli- 
fier. This meant I had to come up 
with a gain control on the input of the 
amplifier that did not cause detuning 
of the tuned circuit in the output of 
amplifier. (While the circuit shown, 
fig. 1, may not please the purists, it 
does work. Use no more signal than 
is necessary, however, in the interest 
of avoiding harmonic generation in 
the tuned amplifier.) 

I found that sensitivity was poor 
when trying to measure values of L 
below 1 pH, SO I wound a small air- 
wound coil in series with the un- 
known value of L. This increased sen- 
sitivity by making for a more favor- 
able L /C  ratio at maximum capacity 
setting of CT and helped tremen- 
dously. The size is not critical as long 
as you can still measure the desired 
minimum value of L; in my case this 
was 0.039 pH, as stamped on the 
case. 

As you can see from the enclosed 
calibration chart for the highest band, 
15 MHz (fig. 21, it is possible to cover 

from 3.3 pH down to 0.039 pH with 
one frequency; lower frequencies can 
be used to measure larger values of L.  
300 kHz can be used to measure as 
high as 10 mH, the limit for most 
commonly used inductors, with read- 
ily available equipment covering 
larger values of L. 

Do not use the small tuning capaci- 
tors normally found in small transistor 
broadcast receivers at CT. The dielec- 
tric tends to wear thinner, throwing 
calibration off, especially at the maxi- 
mum capacity setting. 

If you use a low cost signal genera- 
tor for furnishing the frequencies to 
drive the amplifier, be sure to use 
minimum setting of output attenua- 
tor, since harmonic content is quite 
high on some of the less expensive 
generators and can cause false read- 
ings when trying to read values of un- 
known inductors. 

I used frequencies as follows: 15 
MHz, 3.3 to 0.039 pH; 5 MHz, 33 to 
3.3 pH; 1.5 MHz, 500 to 33 pH; 600 
kHz, 2.5 mH to 0.5 mH; 300 kc, 10 
mH to 1 mH. 

0 05 
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fig. 1. Wide-range inductance meter schematic diagram. 

1 0 0  I I 1  I I I I I I I 
100 90 8 0  70 60 5 0  4 0  3 0  20 ' 0  0  

3 3,"H = 1 0 0 %  PERCENT 

fig. 2. 15 MHz inductance meter dial calibration. 
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25 Watt 2-Meter FM 

controlled dlgltal trans- 

NISI of ~ h r  knob when Ihe concentrlc ring Module allows wide band operation 
switch 1s In the D m  posltlon Easy '2nd fast (143-149.995MH~) for MARS . Touchtone ' 2 spwd aal~ng w ~ t h  audmc a p  21 the 
end of the band microphone included CTCSs Encoder 

M-CH -Selects and displays the memory 
Included (Tunable) Small Size 

2 channel numbers as Ihr knob IS turned An (55H 182D) . 
Audlble Beep 15 made ar channel I and 10 2 Speed Dialing 
for safer operation rnobllr (100kHzI5kHz) 
M-FR - Selects rhe memory channels but 

* dlsplays the frequencter contained In each 
channel Instead of the channel number 

CALL - A fltck of the concentrlc 
swltch rlng selects the elm- 4. enrh memory channrl which 15 
used for your bvor~rr frequency 

WRITE - By pushlng the dral In 
rhe frequency selrcrrd IS pro 5. grarnmed rnro the appropriate 
memory locatton 

fl 133 

FREE! CABLE LOSS CHART 
In the schematic and on the cali- IN SPRING CATALOG 

bration chart (figs. 1 and 2) ,  to find NEMAL ELECTRONICS 
unknown value of L, tune amplifier COAXIAL CABLE SALE 

POLYETHYLENE DIELECTRIC 
for maximum on the meter, with 15 R L ?  I 

R L J 1 4 (  O M +  r 
MHz signal applied, then pick off the U(, l l l lJr  ~ 0 1 1 1 1 1 5  

percentage reading that intersects 
with the dial reading. Multiply the 
maximum value of L (3.3 pH) that 
equals 100 percen! times the percent- 
age thus found; i.e., 1.6 pH equals 49 
percent. This is not str~ctly accurate, 
since 3.3 does not equal minimum, or 
zero setting of dial, but it does allow 
accurate matching, which is usually 
what is needed. One can tell which L 
is the larger for sure, and that is a 
help. 

On the calibration chart (fig. 2) the 
transfer oscillator 15 megacycle 28 #6 
refers to the dipper coil used in the 
homegrown oscillator I built to use 
with this thing. Built in a beef stew 
can, it is an FET Seiler oscillator with 
buffer which drives the amplifier. ( 1  
also used a can to house the induc- 
tance measuring device.) 

John L. McDonald, W6SDM 

RLl lU qK shwf 150h 141 S D ~ C  
*PI, B'U 't~", chirld MI 'TI IS27 95~100)or31'lr 

RI,G?AIU 95". 5' %PIC mcl iurr 93ohrn 17'111 
RG 578 u ~ O U ~ V ?  511~10 ( P  I ',ti we) 50 ohm ~O./II 

*HL15HLI mll sDecllf,", rhled IS9 45 100101 l l ' f l t  

LOW LOSS FOAM DIELECTRIC 
RG 8X lM i 81 '1' 5nir I, I ~ I o , ~ ~  I ~ ~ I I ~  * Hb8U 80 " shlr r( l5lL, 4'l'l0lIiO~ 19' 11 
RC, i l iu 9 t D .  Shlrld 1 1  qaliqe ipquiv Betien H214 

31'/11 
RG58U 80"~ sh~rld O ~ * I I ~  
R G I R U  il I", S ~ I P  0 10'111 
RL'rii U lqOoe lo, Shl~lrl ' V  lyl)e 157 00 1001or IO'IfI 
nf AvvOurvrotr r a o e i  r r , o i o  $tiql 36' 11 
R O I O ~  C A I > I ~  7 18 o a t  27 01 19"Il 

CONNECTORS MADE IN USA 
Ariluhp!~n I 1 r 79' 
PI 5 i nu5n rr ' 0  m1w sl f 8 10 53 89 
iq ,, i jdnr ,, :,? 10 $5 89 
Pouble M A  P ronnrr lur  51 i Y  
f'l 7' 8 I) 109le C P  nn e Lrir ~prror 9H' 
PL q 5 ,  VP, Tel nrl $1 %ea 
RV~IUI er LI[ I 1 6, 1 0  $1 ~JCJ 
Ub >'>5 lllL 25'41 l f lM[  I 53 '10 
Elbow lV3591 UHI FIDnw $1  74 
f Y i A  I 1V !VIIPI 10 4 1  99 
UG ,I u LI iyllr r, M IIP 10 RG8 Alllnll~linl 53 uu 
UI, 8?L U RN( V ~ I P  101 RI, ')H Anloneno1 51 25 
llL, i R N (  iL,'CJArronr ir 53 00 
3 lh tlrh MlkeF u01o I r l  *I<PIC 11 1ti1t11 $1 2'3 

Call or wnte for Free Catalog 
shipping 
Cabfe - 53.00 1st 100 H . 52.50each add'l100 H. 
Connectors - add 10%. 53 00 mtnimum. 
Orders under $20 add 52 sddrtlonal plus shlppmg. 
COO add52 00 Florrda Resrdents add5%. 

NEMAL ELECTRONICS 
Dept.H, 1 3 2 7 ~  E. 119St.,N.M1amr, ~ ~ 3 3 1 6 1  

DIRECTORY 
THE BARGAIN AT $ 14 95;,,., 

A no frills directory of over 
415,000 U.S. Radio Amateurs. 
8% x11, easy to read format. 
Completely updated. 

Also available for the 
f~rst  t r m e  ever- 
IAluhnbpl~c allv irr.%norU-Salrl sep 11 11, lyi 

Geographical Index 
by State C I I ~  and Slreet No and Call 

Name lndex 
by Narne and Call 

Order~ng Informallon 
Dtrectory-$14 95 
Geographical Index-$25.00 
Name index-$25 00 
Add 53 00 Shlpptng lo all orders 

Dealer /Club lnquirtes welcome 
Send your order-enclos~ng check or 
money order ~n u s dollars to 

Buckmaster Publishing 
-11 I I I I~ I ( I~ I  tit11 R o . ~ ( i  

Ir 170 
K l t l ~ c l ~ r ~ l ( l  ( I or~rr-- 11 5 A r /  117 
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C A B L E  CONVERTER S A L E  
............................................ 

WGNAVOX FV-25 - 26 CHANNEL WITH 
REMOTE CONTROL - VHF-MIDBAND- 
SUPERBAND - REG S59.95 - NOW %49- 9s 

JERROLD JSX-3DIC - 36 CHANNEL 
WITH IN BAND GATED SYNC 
DECODER - REG $209.95 - NOW -149- 9 z  

JERROLD 58-3 - I N  BLIND WTED 
GATED SYNC ~ECODER - USE WITH 
RNY CONVERTER WITH OUTPUT ON 
CHANNEL 3 - REG $149.95 - NOW S99. 9s 

UHF BLOCK CONVERTER - CONVERTS 
MIDBAND RND SUPERBAND 
TO UHF - REG 139.95 - NOW -26. 95 

SEND S I . O O  (REFUNDABLE) FOR CATALOG 

ADD S4.25 SHIPPINGIHANDLINO 
FOR EaCH UNIT DRDERED 

NYS ADD SALES TAX -C.O.D.'S OK 

24 HOUR ORDER LINE 
(607) 962-7313 

ORDER DIRECT FROM - 
TAVCO IXOWMUNXCATIONS 
~3-1460 NARROWS CREEK ROAD 
CORNING. NEW YORK 14838 r /  184 

1 

RADIO 
DIRECTION FINDER 

The SuperDF 

Inexpensive kit and assembled units for use 
with Hand-Held, Mobile, or Base Station. 
100 to 260 MHz or 200 to 550 MHz with 
one antenna. Non-ambiguous. NO 
overloading. Use with unmodified HT, 
scanner, or transceiver. No attenuator or 
"S" meter needed. Can DF signals below 
the noise. Averages out local reflections 
while mobile-in-motion. Used by FCC, 
US  Army, State of California, Coast Guard 
Aux. Prices start at $125. For details 
send SASE to; BMG Engineering, 9935 
Garibaldi Ave, Temple City, Cal, 91780 

r /  113 

FCC changes make obtaining a High-level 

Radio Telephone License much easier now. 
Eliminate unnecessary study with our short- 

cuts and easy to follow study material. Obtain- 

ing the General Radio Telephone License can 
be a snap! Sample exams, also section cover- 

ing Radar Endorsement. 

A small investment for a high-paying career in 
electronics. 

$1 9.95 ppd. 
Satisfaction Guaranteed 

SPI-RO DISTRIBUTING 
P.O. Box 1538 

Hendersonville, N .  C. 28793 
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flea  ti market 
RATES Noncommercial ads 106 per 

word; commercial ads 606 per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  

organizations receive one free Flea Market 
ad (subject to our editing) on a space avail- 
able basis only. Repeat insertions of ham- 
fest ads pay the non-commercial rate. 

COPY No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed ( n o t  all c a p i t a l s )  

and must include full name and address. 
We reserve the right to reject unsuitable 
copy. Ham Radio cannot check each 
advertiser and thus cannot be held respon- 
sible for claims made. Liability for correct- 
ness of material limited to corrected ad in 
next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

QSL CARDS 
QSLs & RUBBER STAMPS - Top Quality! Card Samples 
and Starnp Info - 500 - Ebbert Graphics 5R, Box 70, 
Westerville, Ohio 43081. 

-- 

TRAVEL.PAK QSL KIT - Converts post cards, photos to 
QSLs. Starnp brings circular Samco, Box 203-c, Wynant- 
skill, New York 12198. -- 
DISTINCTIVE QSL's - Largest selection, lowest prices. 
top quallty photo and completely customized cards. 
Make your QSL's truly unique at the same cost as a stan. 
dard card, and get a better return rate! Free samples, cat- 
alogue. Stamps appreciated. Stu K2RPZ Print. P.O. Box 
412. Rocky Point. NY 11778(516) 744-6260. -- 
QSL'S: NO STOCK DESIGNS! Your art or ours; photos. 
originals, 500 for samples & details (refundable) Certi. 
fied Communicat~ons. 4138 So. Ferris, Fremonl, Michi. 
gan 49412. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radm Auslra nam Radla Holland 
Karin Veber P o ~ l b u s  413 
P o ~ t l a c h  2454 NL 7800Ar Emmen 
D 7850 Loerrach H O I I B ~ ~  
We51 Germany 

Ham Radio Belgium 
Stereonouse Ham Radto Italy 
Bru55elsesleenweg 416 v8d  ord den one I 7  
8 9 2 1 8 G e n l  I 20132 Mrlano 
Belgium Ilaly 

Ham RadlaCanada 
Box 400. GOderlCh 
Ontario CanadaN7AAC7 Ham Radlo Swllierland 

Kamn Ueber 
Ham Radla Europe Posltach 2454 
Box 2084 D 7850 Loerrach 
S 19402 UpplandsVasby We31 Germany 
Sweden 

Ham Radlo France 
SM Eleclronc 

~ . n m  RadloUK 

2001s AveaesClarons 
P O  Box 63 Harrow 

F-89000 Aurerri, 
MsddleSek HA36HS 

France 
England 

tiam RadoGermany 
Karl" Ueber Holland Radm 
P o s l l a ~ n  2454 113Greenway 
D 1850 Loerracn Green~lde Jonannesburg 
West Germany Republ~c ol South Afrlca 

ICOM IC.209OA FMlCWlSSB with ll Mic. 10 watts nicad 
memory backup $300. Bill, N7EU. (209) 292-7060. 

SATELLITE, Microwave, video, audio components and 
equipment. Send $1 for 1983 catalog. OSCo. Department 
C. 3110 Evelyn Street. Rosevilie. MN 55113. 

CHIPS, connectors, crystals. Bought bankrupt comp. 
mfr's stock. SASE for list. Examples: 6251 - $1.00; IOOKc 
- $1.00. 86/43 mother board conn. - $1.50. DB25P IDC - 
$1.50. D.F.S. Systems, 116 S. Highland Street, Win- 
chester, KY 40391. (606) 745-4013. 

FREE ELECTRONIC PARTS catalog. Product lines in- 
clude solar, video, audio, phones, fans, batteries, capaci. 
tors, resistors, relays, transformers, and a variety of eiec- 
Ironic parts. Write: Horizon Sales, Inc., PO Box 646, 
Framingham. MA 01701 or call (617) 875-4433. 

CHASSIS and cabinet kits. SASE K31WK. 

WANTED: Hammariund SPC-10 SSB converter, no junk. 
Harry A. Weber. 2605 W. 82nd Place. Chicago. IL 60652. 

ELECTRON TUBES: Receiving, transmitting, microwave 
. . . all types available. Large stock. Next day delivery 
most cases. Daily Electronics, 14126 Willow Lane, West- 
minster, CA92683. (714)894.1368. 

TEN.TEC 0MNI.A with PIS mic, NB. Excellent now oper- 
ating good $450. Glen Smith, NGCX, Box 475, Kenwood, 
CA 95452. (707) 883-5282. 

BUY SELL TRADE - Next 6 issues $2.00. WA40SR's 
Rigs & Stuff, Box 973-H, Mobile, AL 36601. 

WANTED: Kenwood TS-700SP transceiver and 
MARS-7600 adapter. C. T. Huth. 146 Schonhardt, Tiffin, 
OH 44883. - 
PRE-1946 TELEVISION SETS wanted for substantial 
cash. Finder's fee paid for leads. Also interested in spin- 
ning disc, mirror in-the-lid, early color sets, 9AP4 plcture 
tubes. Arnold Chase, 9 Rushleigh Road, West Hartford, 
Conn. 061 17 (203) 521-5280. 

E. H. SCOTT - Wanted literature, radios, any memora- 
bilia. J. Clark, 1006 Pendleton Drive, Lansing, MI 48917. 
(51 7) 323-9595. 

MUSEUM now open for radio historians and collectors. 
Free admission. Old time Amateur (WPAN) and commer. 
ciai station exhibits, 1925 replica store and telegraph 
displays. 15,000 items. Write A.W.A. for details: Bruce 
Kelley. WPICE. Holcomb. NY 14469. 

WANTED: Old bugs for my key collection. Vibroplex, 
Martin, MacDonald, Emory. Dunduplex, etc. Also need 
spark keys and miiltary keys. KSRW, Neal McEwen, 1128 
Midway, Richardson, TX 75081 

-- 
MULTI.BAND ANTENNA "KTSB" - 160m thru 10m, 
ready to use! Only $59.95 p p  USA. Catalog available. 
Kilo-Tec, PO Box 1001, Oak View, CA. (805) 646.9645. 

FACSIMILE converted into HAM use, full A.4 (29x21 cm) 
picture can be sent and received %138,000 ... Yaesu 
FT.77, brand new,% 115,000 ... All includes handling and 
shipping (surface). de Makoto Takano, D-13.4 Nagahori, 
Tokai, ibaraki, 319-11, Japan. 

WANTED: Highest prices paid for Harris RF 301 and 
associated equipment. Call collect (212) 925-6048 

SIGNAL GENERATOR TX4973, military version of Meas- 
urement Corp. Model 80. 2 MHz to 400 MHz with cali- 
brated attenuator. Rough, but works OK $90 plus ship- 
ping. Also Measurement Corp. model 82, 20 HZ (yes 20 
HZ) to 50 MHz wlth calibrated attenuator, excellent con. 
dition $300 plus shipping. Also have Motorola HT220, 
the thin verslon with "prlvate line" on commercial VHF 
frequency $300. Earl Quinn, PO Box 14603, Las Vegas, 
NV 891 14. (702) 453-4059 after 6 PM 

MOBILE IGNITION SHIELDING. Estes Engineering, 930 
Mar~ne Dr.. Port Angeles. WA 98362. 

-- 

WANTED: SB 500 2 meter transverter wired for use with 
SB 100 6 meter transceiver. Manual desired but not nec- 
essary. Must be operational and in good condition. R. C. 
Lutz. KABOCE. 3217 Madison Rd., Pinckney. MI 48169. 

CABLE CONVERTERS, decoders. Catalog $1 refundable. 
APS. PO0263 HR, Newport, RI 02840. 

HAM HOLIDAY Sri Lanka. Write to Spangles Travels. 84 
Templers Road. Mount Lavln~a, Srl Lanka. Enclose 5 
IRCs. 

WANTED: Old HQ129X for parts Manual and diagram 
also. (Xerox ok) Will pay postage. W. Droese, WIDYH. 4 
Carver St., Amesbury, MA 01913 



High resolution and color video 
10 watts output 
Broadcast standard sound 
Tunable downconverter and preamp 

For those who want to see the ATV actron 
before they commlt to a complete stallon. 
the TVC.4 15 lor you Great lor publ~c serv. 
Ice setups, demos, and gettlng a buddy 
Interesled Just add an anlenna and a TV 
sel luned to CH. 2 3, or 4 and plug In to 
117vo11sa c ~89.00 

Connect to the antenna terminals of any TV set, add a good TVC-4 
450 MHz antenna, a camera and there you are. . . Show the 
shack, home movies, computer games, video tapes, etc. TVC4L extra low-nolse version .. . $9@ . . $99 delivered in USA 

TXA5-4 Exc~ler/Modulalor $85 00 ood FMAS Aud~o Subcarr~er Generator 529 00 ppd . . 
W,,'.6 ,,no I?,>lPO ,I!#,Cl,,? cll~~,,gnP~' ' dl,", l';~., ! # I  A 3 ' 1  1 , :  ,,,<!I , I , , : ." , . ,  !, , 1 , ' ,, . 18 >,!,; ,' ' ,'\ 
lhnp,lr am~l~f~er itle 1110 hlH1 cry5l.j opslqn l - cpc  I l i r  ,!! .: , l v l 3 3 ,  C o q 3  CUI 1 t8 " ;  1 ,  0 1 8 " ~  I,;.,, I-+YIuI~.:, 
rnur'tcs oil1 01 IWO nlelrls lnr lalk b , ~ k  Vtnen moflulalor lkw ; n18-r l:,~ lo t410 $1 a1111 1,' lo 18 Vbl- ((1 L", m,! 
IS  .I lull 8 MHz lor ~ompiltsr grdilnlcs ,ll;a rnl.rr RP Worhs ailo a,,, Ir.r~l\ in~Il~i wl!n b M H I  vifleo Ddnd- 
aulres 13 8 VDC reg g 70 ma HO mw outp~~l power ~v~nln 
Tuned w11h crvstal on 410 :i 434 or 426 15 Mnz 
Dual trsqusncv model avallabls . . ¶W . . $1 10 00 ppd 

TVC-2 ATV Oownconvertsr . W. . 545.00 ppd. 
Slr~pilne MRF 901 preanin ,!nd oi~.lole balanrpd rnlxrl 
(11q' out Ihe weak enrs ,in0 reslsl\ ~nlermod ,tnd Over 
10.1d Connecls nPlwPPn UHF anlrllna and TV sel Oul 
ptil channels 7 or 3 Varlcap tunpr 420 lo 450 Mti? 
Requ~rrs 12 lo 18 vDC @ 20 ma 
Ertrasanrlfas WC 2L wllh bl ollr prsamp 

( 9 dB NF) . . . . . A. . . . . . . $59.00 ppd 
Sup8rrenrlllM TVC 2 6 ~ 1 t h  Gals Fsl preamp ( 5 dB 

NF) an1 mounl . . . . . . . . . . $79 00 ppd 

Let P.C. put you on the air and SAVE! 
All four modules - 

PA5 10 Watt ATV Power Amplilier . 589.00 ppd. 
1 h~ PALi all DUI OUI I 0 W ~ I I I ~  I iC lS  iloYvel on sync 1.3s 
atwt, ortvwi wrlll 817 rn* by IQe I TA' j  ercilrr 50 ohr,is 
In ,4110 nu1 DIUS D,tnil~~lllh lor lrle ir.llulr llano wlln on00 
i~npdr~ly 101 con! nnn 5ounfl RPqulre? 13 :I VDC reg .o 
3 .rcrlvr 

Call or write lor our complete catalog of specifical~ons, station setup diagrams. 
and opllonal accessories wh~ch ~nclude: antennas, modulators, test generators. 
Cameras and much. much more. See Ch. 14 1983 ARRL Handbook. 
TERMS VISA or MASTERCARD by telephone or mall, or check or money order by 
mall All prlces are delivered In USA Charge orders normallv shipped w l th~n 24 
hours Personal checks must clear l ~ r s t  

(213) 447-4565 Charge card orders only 

Complete System price $235.00 
SAVE $27.00 over price if purchased individually 

P.C. ELECTRONICS 2522 Paison Lane 
Tom W6ORG Maryann WBGYSS Arcadia, California 91006 

RADIO EXPO 
sponsored by 

Chicago FM Club 

September 24 & 25 
Lake County Fairgrounds 

Graysla ke, Illinois 
da~~e'  E1k{b\ts 

?\%a wanu\a~iuIL 
waPI 
-. -,. ,.\\L% - Seminars - Ladies' Programs 
1 ecll I U ~ ~ - -  

Tickets good for both days 
$3.00 advance - $4.00 at gate 

SASE TO 

Please add $2.50 for 
shipping and handling 

QUANTITIES LIMITED 
CALL TODAY 

Yrs. Avail. y1 
RADIO EXPO '83 

Box 1 532 
Evanston, lL 60204 

(31 2) 582-6923 

I HAM RADIO'S BOOKSTORE I I HAM RADIO I 
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FREE CATALOG OF NEW DEVICES 

CORPORATION - - . . . - . . . . . . - . . 
P.O. BOY llHH COMMACK N Y  11725 

PHONE ORDERS WELCOME-,5161 9mm4 . 
MASTER CAnD AND VlS. LCClPTED - 
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A G u i d e  To 

Re ta i l  Mail Order 

Suppose you could buy a bwk lhal would quickly dlrecl you lo 
nearly any componenl you wlll ever need lo conlplele your elec- 
trori lc proiects' Maybe you want lo hu~ld a c~rcu~l shown In a 
mqnzlne conslrucl#on arllcle or one lhal you lnvenled yoursell 
The Radio Eleclron~cs Buyers Gude IS Ihe Dook lhal will do Ihe 
lob' Th~s gulde catalogs radlo antenna computer eleclronlc. 
mtcrowave dnd nlPrhdnlca1 parts lrom 75 mall order cornpa. 
n~es wllltng io sell In sniall quanliiles lo YOU' The address. 
phnne number and orderlng ~ntormallon IS ~ncluded lor each 
supp(ier Several sell tnlillary arla surplus parts Order your 
copv loday and put excltemcnl back Inlo your clrcu~l bulldlng 
SG 45 poslaae pala Fast Response Overseas orders please add 
S l  30 tor n~rlna~t 

Row. Tickets $3.00 at gate; $2.00 advance. For tickets 
send check or MO with SASE to Hamfesters. P 0 .  Box 
42792. Chlcago. lL 60642. 

ILLINOIS: The Chlcago Area Computer Hobbyist Ex. 
change and Chlcago Amateur Radio Club will hold a 
joint swaptest. August21. 10 AM to 4 PM. Triton College, 
Fifth Avenue. River Grove. IL. For tnformation call 
545.3622. 

ILLINOIS: The Shawnee Amateur Radio Association's 
Sarafest '83. Sunday. September 11. John A. Logan Col- 
lege. Highway 13 near Cartervlile. Displays, flea market. 
crafts. Doors open 7 AM. free coffee and donuts 7-8 AM. 
Admisston $3.00 at door. Talk in on 146.251.85; 146.52 
simplex or 3.925 SARA Sunday net frequency. For Infor. 
matron: Wlll~am May. KB9QY. 800 Hilldale Avenue. Her- 
rln. IL 62948or any SARA member. -- 
INDIANA: The Tippecanoe Amateur Radio Association's 
12th annual Hamfest, Sunday. Aug 21. Tippecanoe Coun- 
ty Fairgrounds. Teal Road and 18 Street. Lafayette. 
Grounds open 7 AM. Tickets $3.00. Large flea market. 
dealers. fun, refreshments. Talk in on 13173 or 52. For In. 
format~onltickets: Lafayette Hamfest, Route 1, Box 63, 
West Potnl. IN 47992. 

KENTUCKY: The Bluegrass Amateur Radlo Society will 
sponsor the Central Kentucky ARRL Hamfest, Sunday. 8 
AM to5 PM, August 14. Scott County Hlgh School. Long 
lick Road and US 25. Georgetown. Tech forums, awards. 
exhibits. Free outdoor flea market space. Tickets $3.50 
advance. $4.00 at gate. For informal~onltickets: Edward 
B. Bono. WA40NE. P.O. Box 441 1. Lexington. KY 40504. GO MOBILE WITH YOUR H.T.! 3 

Model I-lcom IC.2AlT. Etc. + 
Model K.1 for TR.2500 + ' C [yj s i ~ d e s  on bottom ot radio + I) 

.............................................. 
C + 
C Guaranteed! * 
C 4 ................................................ 

i& Model K-TR.2400: 
* 

C * 
-powered lhru battery plug 

Model N-FT-208R + 
C Model T-Slmple mod lor Tempo 4 

Becau! 
leadin 
f a r 6 1  a wal lr I 
best-performing, me 
best looking antenna; 
Centurion has gown 
to be the buck Je&r 
We've develop4 
many smaller an 
to make the ha 
held radio ptrfc 
better, and now 
newest duck...! 
Duck'mini*. It3 
shorter (about 

MICHIGAN: 7th annual Five County SwapN.Shop. Sun. 
day. August 28. Bentley High School, 1150 Belsay Road. 
Filnt. 6 AM to 3 PM. Sponsored by the Genesee County 
RC. Bay Area ARC. Lapeer County ARRC. Saglnaw Val. 
ley ARA. Shiawassee ARA. Refreshments, computer for. 
urn. trunk sales. free parking. Tickets $2 00 advance; 
8 .00 at door. Children under 12 free. For table reserva- 
tions: Bill Cromwell. KUBH, 1204 Overland Drive. Len- 
non. MI 48449. (517) 286.5046. 

se you an 
g radio rn 
r- .a,-.-, 4 

MISSOURI: The St. Charles Amateur Radio Club's 8th an. 
nual Hamfest. August 28. Wentzville Community Club. 
Large open air flea market; indoor air-conditioned exhi- 
b~ts .  Contests, food and fun. Parking $1 per car. Admis. 
son: $1 each. 4\53 advance. At door $1.50 each. 41$5. For 
ticketslinformat~on: SCARC Hamfest '83. PO Box 1429, 
St. Charles. MO 63301. 

and all Santec 4 
.................................................. * 

NOW FOR FT.208R 6 TR.2500 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Model Y - FT.207R. Wilson z 
-Ills Into battery comparlment + 

A unlque battery ellmlnator' z 
HAND1 TEK Regulator allows + 
constanl hand held operallon + I from auto DC or base supply + 

Q 4 
w ~ t h  no nlcad dram and * 
WiTHOUT RADIO MODlFlCA + 
TION1 124 95 PPD In USA 4 
Calif. add $1.50 Sales Tax. 

MISSOURI: The 2nd annual Ozarks ARC Congress and 
Swap:est. Sunday. September 11. Monett City Park, U. S. 
Hwy 60 and MO Hwy 37. Monett. Free admission. No 
charge for swappers or tallgalers. Covered dish picnic. 
Talk In on 146.371.97. 146.52 and 7.250. For Information: 
OARS. Box 327, Aurora, MO 65605. 

111 1/4 w@ 
x on VHE 

NEW JERSEY: The fifth annual Gloucester County ARC 
HamlComp Fest. Sunday. August 28. Gloucester County 
College. Tanyard Road. Sewell. 6 AM lo 3 PM. Setup 7 
AM. Seminars. contests FCC exams. Tickets 52.00 ad- 
vance; $2.50 door. Ta~lgaters and dealers $3.00 per park- 
ing space. Talk in on 146.52. 147,78118 and 223.961224.36. 
For informalton: GCARC Hamfesl Commillee. PO Box 
370, Pitman. NJ 08071. (609) 456.0500 or 338.4841 days. 
(609)629-2064 evenings. 

i * 
C HANDI.TEK + 

P.O. BOX 2205. LA PUENTE. CA 91746 c, 
C - 

CB TO TEN METER 
CONVERSION KlTS 

KlTS for A M - S S B - F M  40Channel PLL 
chassis conversions 
DETAILED INSTRUCTIONS for easy in- 
s t a l l a t i o n  with minimum time and equip- 
ment 
BAND COVERAGE flexibility provides 
up to 1 MHz coverage for most PLL 
chassis. 
P R I C E S  Low cost prices range from 
$8.00 to S50.00 

A l l  kits are in stock including 
seve ra l  different FM kits. 

FREE CATALOG Write or call today. 

INDEPENDENT 
CRYSTAL SUPPLY COMPANY 

P.O. Box 183 
Sandwich, Ma. 02563-0183 

(61 7) 888-4302 r/ 151 

NEW JERSEY: The Remapo Mountain ARC'S 7th annual 
flea market. August 20, Oakland American Legion Hall, 
65 Oak Street. Oakland. 20 miles from GW bridge. Admls- 
slon $1.00. non-ham family members free. Indoor tables 
$6.50, tallgating $3.00. For information: Tom Risseeuw. 
N2AAZ. 63 Page Dr.. Oakland. NJ 07436. (201) 337.8389 
after 6 PM. Actual Size 
NEW YORK: The annual Flnger Lakes Hamfest. August 
27, Trumansburg Fairgrounds. Rt 96. 12 miles NW of 
Ilhaca. 8 AM to 5 PM. Admission $2.00 at gate. Flea 
market commercial exhlbitors, boat anchor auction, re- 
freshments and craft show. Talk in on 37197 and 52. For 
information: Dave, W2CFP. 866 Ridge Road. Lansing, NY 
14882. 

. v . f - - & M  " 
~@!FBu?E 
ANTENNAS 

NEVADA: Paclflc Division ARRL Convention hosted by 
the Wide Area Data Group, August 19-21, at the MGM 
Grand Hotel. Reno. Tickets (for convention only) $7.50 
advance; $10.00 at the door. With banquet and after-din- 
ner sessions $35.00 advance; $37.50 at the door. Roy 
Neal K6DUE Is guest speaker at the banquet along with 
Dave Sumner. ARRL General Manager and Vic Clark, 
ARRL President. Besides convention forums, swapmeet 
and exhib~ts. there'll be plenty of opportuntty lor sight. 
seeing In this beautiful area. Take a crulse on Lake 
Tahoe, vislt Harrah's Automobile Museum and, of 
course, there's Reno itself - "The Biggest Llltle City in 
the World". 

Ccmuul I 
Phone 40P/467-4491 
Tekx 48-4377 CENTURION LCN 
P.O. Box 89846 Lincoln, NE 68501 P846 
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A N N O U N C I N G  

HAM-PAK" 
The Multi-Purpose Program f o r  

Computer -Equ ipped H a m  Shacks  

Throw a w a y  you r  dog-eared beam 
head ing  cha r t  (if y o u  can f i nd  it.) 
S t o p  tear ing t h rough  your  old logbooks t o  
see.if you ver i f ied  that  VU7. A n d  wha t  
was  t ha t  co i l -w ind ing formula  again? 
HAM-PAK p u t s  t h e  answers  a t  your  
f inger t ips  with:  

Instant,  accura te  beam head ings  
f r om your OTH t o  300 coun t r i es  

Instant retr ievalof past DXconf irmatiOnS 

Ins tant  pref ix ident i f i ca t ion 

M a t h  formulas  f o r  radio use 

Mtn~mum System. TRS-80 111. 32K. 1 dlsk 

.ONLY '2gq5 and w e  pay t h e  postage!  
(Check or money order. please. No C 0 D.3) 
HAM.PAK IS a trademark of Sunderland Software 
Inqulre about HAM-PAK lor Apple. Atarl. 8 VIC' 

B 
SUNDERLAND SOFTWARE 

39e56 Sundarland P r l v e  
Mt. Clamens. MI 4B044  ,, 183 

CATCH 10 METER FEVER 
with a 

MONGOOSE 2000 
m* 
NOW 
$229.95 

200 CHANNEL 1 0  M E T E R  
A L L  MODE T R A N S C E I V E R  

IIIP M,I~I~,OO,,P ,)cDo,,,I,., I * W  I,IICSI I?, IWOI~!I\ lor lodav s 
hl[lll lecli ild:idnil!,- i hi* Mo(,rloo\e alkri IP,!IIIIPT a tndntldl 
ol' o.1 lo r  u;orr !tlq irne.tler ~tallnns 

Specifications 

General 
t .Pcurncy comnOSll~on PLL synlhesizer 
tlr!:urncv ranqe 78 000 MHz l o  30 000 MHz 
CII.:I'"P~S 700 
f vZ(:lirncy soace IU kHz 
L~~i‘.s.<on AM,FM/USBJLSBICW 
i'ov.r,, kource 1 .I 8 V DC 
Recs~ver 
 st>",^ I ~ I V ~ I V  AM - I MICIO-vc lodB SIN 

FM- I mlClOV(i, 20dHS:N 
SSRiCW - 0 5 ni~cro-V t, 70 dR SIN 

Selrct~vlly 60 nu 
Ai i i t i n  Oulpul 1 W f i  8 Ohm 
1 ne  ionr rJnqP +ROO Hz 
Cource lun? range 2 3 .Hz 
SOII(,IL~ r,lrloe 0 5 l o  300 mlcro V 
l~ ' i i . :~ief l~al~ lreq AM FM - 10 h95 MHzi455 kHz 

SSB,CW - 10 bq5 MHz 
Transmitter 
R i  [ , iu . r~  oulpul Hlgh Mld LOW 

SSB'CW 1. W 8 W  7 W  
A hl i 5 W  J W  1 W  
F PJ 1OW iW  7W 

SSH arrlerdllon Double.balanced rnoduldlol wllh Lryslal 
Idl l lCC I l l lP r  

Co,tt?e Tune ranqe + 5 kHz 

Make Check or Money Order a able to: 
COIN INT L., IWC. 

2305 N. W .  107th Avenue. Miami Free Trade Zone 
M~arn~. FL 33172 (305) 593-9300 

'@ D o n ' t  d e l a y  - order today!  % 
.', ' I  (,I4 ,vtlt~ ~urCha5r of  , ' o r  l n n r ~ ~ ~ ~ ' ~ 1 1 S  

I r , ~5 ,$no ~ ~ ~ c ~ l ~ c c ! l ! n t l ~  bubl?~ I lu h,Inljl' ~ ~ l t ~ 0 1 1 1  nol~cr 
Dealer lnqulrles Invlted. 

Florida Residents please add 5% sales lax. 
Allow 6-8 weeks for del~very, r /  123 

OHIO: The 4131 Flndlay Radlo Club's Hamfest. Sunday. 
Septembar 11. Hancock Recreational Center. 3430 North 
Ma~n St.. Findlay. 6:30 AM to 5 PM. Admission $3.00 ad. 
vance; $4.00 door. Arena tables $6.00 each. Outdoor flea 
market space $6.00. Talk In on 147.1501.75. For Informa. 
tion: Dave Fleming. NBEOZ. PO Box 519. Findlay, OH 
45840. 

PENNSYLVANIA: The 46th annual South Hllls Brass- 
pounders and Modulators Hamfest. August 7 from 9 AM 
to 4 PM. South Campus of the Community College of AI- 
legheny County. Pittsburgh. Tickets $3.00 each or 21$5. 
Computers. OSCAR, ATV demos. Flea market. Talk In on 
146.13173 and 146.52 simplex. For inlormatton: Andrew 
Pato. 1433 Schauffler Drive. W. Homestead. PA 15120. 

PENNSYLVANIA: The Central Pennsylvania Repeater 
Association's 10th annual HamfestlComputerlest. 
August 26, adjacent to Hersheypark. Chocolate Town. 
USA. Reglstrat~on $3.00. Wives and children free. Special 
reduced admission to Hersheypark for registrants' lamb 
Ites. Indoor dealer and flea market, outdoor tailgating. 10 
11. Indoor space58.00each; 8 ft. tables54.00each; slngle 
electrlc plug $1.00 each. Talk in on 145.47. 146.76 and 
146.52. For ~nformat~onlregistra(ion: Tlmothy R. Fanus. 
WBJDNA, Hamfest Reservations. 6140 Chambers Hlll 
Road. Harrisburg. PA 17111. (717)564.0897 noon to8  PM. 

PENNSLWANIA: The Tloga County ARC'S 7th annual 
Hamfest, Saturday. August 20.0600 to 1600. Island Park. 
Blossburg. Flea market, food and more. Talk in on 
146.191.79 and 146.52. For ~nformatlon: Tioga County 
ARC. PO Box 56. Mansfleld. PA 16933 or John T. Winkler. 
WB3GPY. RD 02, Box 269. Wellsboro. PA 16901 on 
.191.79. 

PENSYLVANIA: The Mld.Atlantic Amateur Radlo Club's 
annual Hamfest. Sunday. August 14.9 AM to4 PM rain or 
shine. Route 309 Drive.ln Theater, Montgomeryville. Ad. 
mission: $2.50 plus $1.00 lor each tailgate space. 
Tailgate setup 6 AM. Plenty of park~ng, refreshments and 
more Talk In on WB3JOVR. 147.6U06 or 146.52 simplex. 
For ~nformation: write the Club. PO Box 352, Villanova. 
PA 19085. - 
TENNESSEE: The Lebanon Hamfest sponsored by the 
Short Mountain Repeater Club, Sunday. August 26. 
Cedars of Lebanon State Park. US 231, Lebanon. Out. 
doors only. Exhibitors bring own tables. Refreshments 
available. Talk In on 146.311146.91. For ~nformatlon: Mor. 
rts Duke. W4WXQ. 210 Disspayne Drive. Donelson. TN 
37214. 

SURGE PROTECTION 
PLUS MASTER CONTROL 
for all vour eauipment 

Modern wild state clrcultry 15 vul~i!~r.!l~Ir to Iran 
slent currents that can come frunl ill:,t.lnr llqht 
nlng and surges trom household applldrices, Alpha 
Deltas Master AC Control clips off thclse harmful 
surges before they reach your valuable electronic 
equtpment. MACC also glves you 8 groundpd. 7 
swltchable and Itghted. one conrtnuous on outlets: 
Master onloff swttch too. Tested to IEEE pulse 
standards: rated 15 A. 125 VAC. 60 Hz. 1875 
watts continuous. 

GET MACC PROTECTION TODAY - (/ '( 
TOMORROW COULD BRING DISASTER ''& 
See your local Alpha Delta dealer today or order 
dlrect 579 95 + $4 postage handllng 

P.O. B o x  571.  C e n t e r v ~ l l e ,  O h l o  45459  
(513) 435-4772 u 106 

VIRGINIAWEST VIRGINIA: The Bluef~eld Hamfest SDon- ,--- 
sored by the East Rlver Amateur Rad~o Club. Sunday. 
August 28, Brush Fork Armory-CIVIC Center. 9 AM to 3 
PM Admlss~on $3 00 Large Indoor flea market, dealers, 

New DTMF Receiver Kit turns 
computers, satellite N and more Paved parklng, re- phones into control devices. 
freshments. Talk in on 144.891145.49 and 146.52 sdnplex. 
For ~nlormatlon: Don Williams. WA4K. 412 Ridgeway 

with Te l t one ' s  TRK-956  k ~ t ,  y o u  g e t  all the 
Drive, Bluefield. VA 24605. parts necessary to b r e a d b o a r d  a central 

o f f i c e  q u a l i t y  DTMF detection s y s t e m  f o r  
VERMONT: BARC International Hamfest. August 13 and Only $22.75. ~ h ~ t ~ ~  the lowest installed * .  
14. cost for a DTMF s y s t e m .  Al l  you p r o v i d e  
WASHINGTON: The annual Hamfair of the Radlo Club of is 5~ dc. For decoding DTMF signals f r o m  
Tacoma. Saturday and Sunday. August 13 and 14. Olson telephone lines, and tape players, 
Auditorium. Pacific Lutheran University. Seminars, flea 
market, exhibits, contests, dinner and loggers breakfast. Use  the TRK-956. TO order call: 
Tickets $5. Contact Grace Teitzel. ADTS. 701 So. 120th, (800) 227-3800 ext 1130. 
Tacoma, WA 98444. (206) 564.8347. 

-- 
[ln CA, (800) 792-0990 ext 1130.) 

RADIO EXPO: Sponsored by the Chicago FM Club. Sat. hELTONE' r /  186 
urdav and Sundav. Seotember 24 and 25. Lake County 
~alrdrounds. ~ o u i e s  120 and 45. Grayslake, Illinois. Flea 
market opens 6 AM. Exhiblts open 9 AM. Indoor flea mar. 
ket tables available at $5 00 per day. Tickets S3.M) ad- 
vance. $4.00 at gate, good lor both days. Seminars, tech 
talks, ladies' programs. Talk in on 146.16176. 146.52 and 
222.51224.10. For information: SASE to Radio Expo 83. 
Box 1532. Evanston. IL60204or(312) 582-6923. 

ALABAMA: Hospitality Hamfest, sponsored by the 
Mob~le Amateur Radio Club, September 10 and 11. Al's 
Party Palace. 2671 Dauphin Island Parkway (1 mile o f f  
1-10), Doors open 9 AM. Admiss~on free. Exhibits. swap 
tables. YL activities. Talk In on 146.22162. For lnforma- 
t~on: Jim Wllder. N4GUC. 424 Cody Road South. Mobile. 
AL 36609. (205) 343.7365. 

I SAYYOUSAWIT I 
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......................... 
2 QUALITY MICROWAVE TV SYSTEMS 2 ......................... 

Complete Systems From $6gg5 2 
3 1.9 to 2.5 z GHz * Antennas * 
3 Galaxy 
* Electronics z 6007 N. 61 st Ave. 

Glendale. Az. z 85301 
* 1 -602-247-1 151 

1-800-247-1 151 

* * * * * 
GOLD S 4 

+tee Tool Catalog1 

I Thousands of hard-to-find, 
products for bu~ ld~ng ,  testlng, and repairing 
electronics. Everything is  easy to order by 
~ h 0 n e  or mail, ready for immediate delivery. I 
Contact East-Dept. 0218 
7 Cypress Drive, Burlington, MA 01803 

In a hurry to rscelve your catalog? 
Cel l  W17J 272-5051. I ' 

TUNE IN THE WORLD 
OF HAM-TV! 

,4rnAt<u, UA,!AC? 33prratof% 8" r t > r  l ' f U t 8  $ =VC dn%#7b?fl~~~ t h ~  
I "  I I  t \ "  I r "  He 11 tmr \can 1Y 
~l\l\ i \I..- \,a,, 1\ [\\I\ I Ir~ras?t~lr 1 t 4 X 1  scrn8rutarrr 
t r l  t.r,urrtt \ ~nlr,, I c ~ n ~ n > t ~ r n a t ~ r ~ ~ , ~ s s  rnen~lr\ rrr yrc.%#n8 at m 
C" ""',! I'A,'' 

OPERATING EVENTS 
"Things to do ..." 

AUGUST 1013: The Cuyahoga Falls Amateur Radlo Club 
will operate W8VPV18 from the All-American Soap Box 
Derby. Akron. Ohlo 2300 to 02002. August 10-12 and 
1500 to 22M)Z. August 13. Frequencies: 3945. 7265. 
14.240.21.365 and 28.595 1 ORM. Novices and Techntci- 
ans look 10 kHz up from lower band edge on the hour. 
For certificate send 2 units of postage to: Cuyahoga 
Falls ARC, PO Box 6. Cuyahoga Falls. OH 44222. 

AUGUST 13: The Marin Amateur Radlo Club will Operate 
W6SG to commemorate the 50th anniversary of its 
foundtng. Operation will begin 1700 UTC and continue 
for the day. Bands, modes and frequencies: 20M CW. 
14.065; M M  phone. 14.265; 15M CW. 21.065; 15M phone 
21.365; 4OM CW. 7.065; 40M phone 7.265. 

-- 

AUGUST 13: The Tri.County Wireless Group will operate 
N8COY from the famous Grand Hotel's "Longest Porch 
in the World" on Mackinac Island. Mlchlgan. Operation 
1500.23002. SSB 7.280. 14.280. 21.380. 28.580 and FM 
147 480. For a speclal OSL send OSL and regular SASE 
to NBCOY. 

AUGUST 13 AND 14: The Bergen Amateur Radlo Associ- 
atton w ~ l l  operate K2TM from ISM) to 24002 to mark 
BARA's 20th anniversary. Frequencies: 7.235. 14.275. 
21.380,28.610.146.520. For a certittcate send large SASE 
and OSL to K2UFM. Warren P. Hager. 31 Forest Drtve. 
Hillsdale. NJ 07642. 

AUGUST 20 AND 21: New Mexico OSO Party sponsored 
by the Albuquerque DX Assoclatlon, 18002 Saturday to 
2100Z Sunday Suggested 1requencie.s Phone 1.835. 
3.985. 7.230. 14.280. 21.370. 28.570. 147.510. CW 1.805. 60 
kHz from low end. Novice 25 kHz from low end. Work st& 
lions once per bandlmode. Repeat OSO's allowed 11 NM 
statton changes counties. Exchange: NM stations send 
s~gnal report and county. Others send stgnal report and 
state. Canadian Drovtnce or DXCC country. Scorlng: Two 
polnts for each phone OSO. three for each CW OSO. NM 
times total of NM countles. slates, provtnces, countrtes 
worked. Others times total of NM counties worked. Sin- 
gle and multi.operator. Awards. Plaque to highest scor- 
ing NM station and non.NM stallon In each category. 
Mail entrtes by October 1 (include large SASE) l o  N5HH. 
Ed Graham. 12449. Regent NE. Albuquerque. NM 87112. 

-- 

AUGUST 27 AND 28: The Rochester Amateur Radio As. 
soctatlon (RARA) wtll operate an Amaleur Radio Station 
at Camp Good Days and Spec~al Times. Camp Onanda. 
Canandaigua Lake. New York. This is a speclal camp for 
chlldren who have cancer. Frequencies and bands: 80 
meters, phone. 3900 and 3925 MHz. CW 3525 to 3550 
MHz. 40 meters. phone. 7230 and 7250; CW 7025 and 
7050 MHz. 15 meters. phone 21350 and 21375 MHz; CW 
21025 and 21075. Also 2 meters FM locally. RARA rnem- 
bers w ~ l l  use club call stgn K2JD. SASE lor a special cer- 
t~f~cate. 

SEPTEMBER 10: The West Alabama Amateur Radio 
Society (WAARS) will operate special event station 
W4WYP In commemoration of the btrthdate of College 
football's winntngest coach, Paul "Bear" Bryant. 1300 to 
2400Z. Frequencies: bottom 25 KC on General 40-15 
meter phone band. Novices bottom 25 KC of Novice 
band. For a handsome commemorative cerllficate send 
$1 and large SASE to West Alabama ARS. PO Box 1741. 
Tuscaloosa. AL 35403. 

SEPTEMBER 10 AND 11: Cray Valley Rad~o Soc~ety's 
13th SWL Contest 1BM) GMT to 1800 GMT Up to 18 
hours loggtng allowed Rest period must be shown 
Multl operators may log continuously Contest open to 
anyone Two sectlons and two categortes Phone and 
CW S~ngleimult~ operator Bands 1 8  3 5 7. 14 21 and 
28 MHz Scorlng one potnt for each statton heard times 
number of different countrles heard on each band A list 
of countr~es must be furntshed and a separate log for 
each band Call areas of the U S A.  Canada and Austra 
Ila wtll each count as a separate country No CO or OR2 
calls allowed Log sheets are available for large SASE 
from Owen Cross G4DFI 28 Garden Ave. Bexleyheath. 
Kent DA7 4LF Entr~es to contest manager. G4DFI at 
above address NLT October 31.1983 Cert~f~cates award 
ed at thediscret~on of the Cray Valley RS -- 
SEPTEMBER 10 AND 11 The Starved Rock Radio Club 
wlli operate club stallon W9MKS from thetr clubhouse In 
Oglesby LaSalleCounly illlnots Operatlpn will be on all 
Amateur bands A spec~al OSL 15 betng destgned tor thts 
occaslon In celebralton of 50 years of Amateur Radlo In 
Cenlral l l l~nols 

-- 

SEPTEMBER 1317 The Southern Count~es Amateur Ra. 
d ~ o  Assoc~at~on (S C A R A ) 1s piannlng to have a speclal 
events slatlon durlng the MISS Amerlca Pageant Check 
September Ham Rad~o tor detalls 

More Details? CHECK-OFF Page 108 August 1983 81 
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REVIEW 
Alden's weather chart 
recorder kit 

The weather - it's the one thing that affects 
us all equally. On a tranquil summer afternoon 
you can watch the sun heat the atmosphere 
and turn cottony white cumulus clouds into 
brutal cumulonimbus thunderstorms. Just a 
few months later comes the chill of winter. 
Whatever the conditions, there's little you can 
do except be aware and try to prepare for what 
comes next. 

If you're like me, the evening weather report 
is probably the most important part of the 
day's news. But however encouraging or dis- 
couraging the prognosis is, there's always a lin- 
gering doubt about its accuracy. 

There are other ways to forecast the weather 
in your immediate vicinity than watching the 
evening news or checking the color of the 
sunset. 

Alden Electronics, one of the largest sup- 
pliers of radiofacsimile recorders, contacted us 
recently and asked if we would be interested in 
building and using one of their new Model 9321 
Weather Chart Recorder kits. Because I've 
been interested in weather science since high 
school, I said I'd be happy to. 

Alden sent a number of brochures describing 
their commercial product line. From what I saw 
and read, their capabilities seem to cover just 
about every aspect of the weather chart re- 
corder field, from high frequency and tele- 
phone to direct-from-satellite reception. 

A brief explanation may help clarify how and 
why radiofacsimile charts are important. Ships 
at sea can't tune in Willard Scott from the To- 
day Show for the morning forecast. They de- 
pend solely upon broadcasts from fifty govern- 
ment-sponsored stations in more than twenty- 
five countries for status charts, forecast charts, 
satellite pictures, and ice flow charts, to name 
just a few sources of weather information. 
(Other sources include surface weather charts, 
surface wind analysis and prognosis, wave 
analysis, oceanographic charts, sea ice charts, 
and significant weather depiction charts.) 
Sometimes l i fe-or-death decisions are 
based upon the information provided from 
these sources; for example, with up-to-date 
weather information, a ship at sea can steer 
safely away from a hurricane's path. 

the basics 

The Alden 9321 is designed using commer- 
cially tested and proven circuitry. Relatively 
speaking it is mechanically very simple and has 
all the latest in state-of-the-art electronics. It is 
packaged in a rugged plastic case designed to 
withstand the riqors of a hostile environment. 
And, unlike other facsimile equipment I've 
used, the Alden unit is relatively quiet and free 
from smoke odor and fumes. (I remember 
reading about a facsimile recorder that required 
an extensive venting system to remove the foul 
odors that accompanied its operation.) Light 
and compact, it requires only a stable, general- 
coverage SSB receiver to be put on line. 

The 9321 uses tvro motors to provide stylus 
scanning and paper feed. The first motor is a 
tachometer-controlled dc motor that sweeps 
the stylus across the paper while the second 
motor slowly plays the paper out of the easy- 
to-change paper cassette. The stylus scans 
across the paper; when an image is transmit- 
ted, a slight electrical current flows through the 
paper and causes the image to appear. The 
reason the Alden unit does not produce un- 
pleasant odors is that its specially-designed 
moistened paper does not burn, but instead 
uses electron deposition to produce the image. 

the kit 

As I unpacked the kit, I discovered that the 
shipping box is divided into twelve clearly 
marked compartments numbered to corre- 
spond to the twelve-step, easy-to-follow, illus- 
trated instruction manual. Parts for each sub- 
assembly are clearly inventoried and identified 
to make the construction process as simple as 
possible. To ensure that the parts are not dam- 
aged in transit, they are carefully stored in plas- 
tic bags and wrapped in protective foam. 

Assembly is basically mechanical, not elec- 
tronic. Each step is carefully detailed, dia- 
grammed, and explained in the forty-two page 
instruction manual. All of the electronics for 
the Model 9321 kit are factory assembled and 
tested, thereby taking advantage of the similar- 
ity to Alden's line of commercial facsimile re- 
corders. Assembly involves nothing more than 
selection of parts, installation. and in some 
cases, physical alignment. All interconnections 
are either through ribbon connectors or sturdy 
nylon shell pin connectors. The only electrical 
work is the installation o f  the LEDs and 
switches in the control panel assembly. 

Some kit builders may be disappointed that 
the electronics are preassembled and tested. 
But my feeling is that kit builders benefit from 
Alden's experience . . . and for most of us, 
anyway, the real reward comes when the unit 
is turned on and the first chaits start to come 
off the recorder. 

It took ten hours to put this kit together - 
not in one sitting, but rather during evenings 
within a one week span. Before turning the re- 
corder on I ran a few tests to ensure that as- 

sembly had been done according to the man- 
ual. (Testing procedures are fully described 
with step-by-step instructions to  make the 
process as simple as possible.) 

Alden went to the trouble to include two 
very important and helpful booklets as part of 
their instruction manual. The Worldwide 
Marine Radio Facsimile Broadcast Schedule is 
a complete compilation of stations f rom 
around the world, and includes frequencies, 
transmission times, and schedules. Here on the 
east coast, the strongest U.S. station is the 
Navel Eastern Oceanography Center (NAM) in 
Norfolk, Virginia. NAM transmits weather data 
that covers the area east of the Mississippi 
River including the Gulf of Mexico, the Carib- 
bean, and the northern half of the Atlantic 
Ocean. In addition to various status maps, they 
also transmit detailed computer-enhanced 
photos taken from the GOES geostationary 
satellites. These photos are taken using either 
infrared or visible light so they can be of use 
day or night. 

Alden has also included a reprint of the 
Naval Eastern Oceanography Center's Facsim- 
ile Product Guide. The facsimile service from 
Norfolk can be broken down into four separate 
categories: atmospheric analysis, atmospheric 
prognosis, oceanographic analysis, and ocean- 
ographic prognosis. Each service is fully ex- 
plained with a number of illustrations and ex- 
amples included to assist in interpretation of in- 
formation received. 

As I mentioned earlier, there are over fifty 
stations transmitting up-to-date weather infor- 
mation from twenty-five different countries. 
Most of these stations transmit at 120 scans 
per minute at an lndex of Cooperation of 576. 

(The lndex of Cooperation is an internationally 
agreed upon standard for expressing compati- 
bility between transmitting and receiving 
equipment.) A few charts are transmitted at 
288 IOC, but most are transmitted at 576; con- 
sequently. you'll be able to  get good quality 
pictures from the Alden 9321 for the majority of 
facsimile frequencies. (The 288 IOC charts will 
be compressed when received on a 576 IOC re- 
corder. but are still usable.) 

tuning 

Facsimile broadcasts are normally transmit- 
ted on upper sideband. After you connect the 
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unit to 120 volts ac and the audio output from 
the receiver, tune the receiver approximately 
1900 Hz lower than the facsimile station's fre- 
quency to correctly position the facsimile sens- 
ing circuitry. For example: to correctly tune 
NAM on 3357, tune the receiver down to 
3355.1 kHz. When you are correctly tuned, the 
two LEDs will be flashing. The green LED cor- 
responds to white and is usually the one that 
will be lighted the most. The red LED lights 
only when a black image is transmitted. 

At any given moment of the day, somebody, 
somewhere, is transmitting weather informa- 
tion. So it's likely that whenever you turn your 
unit on, you'll be receiving a chart - but per- 
haps not properly framed. If you turn your unit 
on and find that you've missed the framing sig- 
nal, all"you have to do is push the framing but- 
ton and keep it depressed long enough to ten- 

ter the chart correctly. 
The unit also incorporates an auto-start and 

auto-stop feature so there's no need to be 
present during the transmission of charts. Each 
broadcasting station transmits a signal shifting 
between 1500 and 2300 Hz at a 300 Hz rate for 
three to five seconds before beginning trans- 
mission of a chart. This tone triggers the auto- 
start. The framing signal at the beginning of 
each chart is a 1500 Hz tone for approximately 
40 scan lines interrupted once each scan line by 
a 2300 Hz pulse. The auto-stop signal at the 
end of each chart is a signal shifting between 
1500 and 2300 Hz at a 450 HZ rate for three to 
five seconds. 

The first two charts I received were an at- 
mospheric analysis chart and a GOES satellite 
picture. These gave clear details of an ap- 
proaching storm, including its precipitation and 
cloud cover. They confirmed the weekend 
forecast, which was bad. I was fascinated by 
the upper air or steering current charts which 
came later on. 

As I mentioned before, it's fun to try to sec- 
ond-guess the local weatherman. As it turned 
out, he was right. But I'm looking forward to 
being able to watch'the weather as it develops 
and make my own forecasts. 

Facsimile hasn't yet caught on as a popular 
mode of Amateur communication. Facsimile 
devotees are much like the RTTY and SSTV 
gang - they're relatively few in number, but 
very interested and quite active. The new 
Alden 9321 will go a long way toward popular- 
izing facsimile in the Amateur ranks. I'm sure it 
will be only a matter of time before enterprising 
and knowledgeable tinkerers will be hard at 
work modifying this equipment to make it do 
more than even Alden could have imagined. 

I've done a lot in Amateur Radio over the 
past sixteen years from 160 meter DXing to 2- 
meter fm. I can truthfully say that I've really en- 
joyed using the Alden 9321 Recorder. I'm sure 
you will, too. 

For more information. contact Alden Elec- 
tronics, Washington Street. Westborough. 
Massachusetts 01581. RS#301 

Nl ACH 

products 

connector connection 
Nemal Electronics, Miami. Florida, has been 

appointed a master distributor of Kings' coaxial 
and special connectors, including a unique line 
of ~ e f l o n ~ ~  insulated UHF. N and BNC con- 
nectors. Kings' TeflonTM connectors are rated 
from -60 to + 165 degrees C at 1000 volts 
RMS. 

The top-of-the-line PL259 is made using a 
special ~ l 3 - 4 ~ ~  metal alloy that resists tarnish 
and enhances solderability. Retail price of the 
~ l 3 - 4 ~ ~  PL259 is $1.59. Other high quality but 
less expensive connectors are also available. 

For more information or a catalog, contact 
Nemal Electronics, 1325 N.E. 119th Street, 
North Miami, Florida 33161. RS#302 

hf transceiver 
ICOM has announced what it calls the most 

advanced, highest performing hf transceiver 
with general coverage receiver available to 
Amateurs today. The IC-751 features ICOM's 
new CPU, with internal battery memory back- 
up, provides many advanced features, such as 
32 memories with memory storage of mode 
and frequency. and the scanning capability to 
cover large segments of the spectrum very 
slowly, or to scan the memories by selected 

mode. The IC-751 provides instantaneous, 
silent, band selection and has a unique 3-speed 
tuning system. Other features included in the 
1'2-751 are full break-in keying, passband tun- 
ing, notch filter, RIT and XIT with separate 
readout, fm built-in as standard, a very steep- 
sided FL44 sideband filter, continuously adjust- 
able noise blanker levels, dual VFO operation, 
and all mode squelch. An easy-to-read two col- 
or fluorescent readout showing the frequency 
in white and the control functions in red, for 
low eye fatigue and htgh visibility in all ambient 

RTTY 
Full featured RTTY to 300 baud 
plus CW terminal unit. 
3 Shifts, act ive filters, remote 
control, xtal AFSK. FSK, plus 
muoh more. 
Suggested retail pr ice. . $499.95 
Introductory offer. . . . . . $429.95 
Offer Ex~ i res  9-1-83 

TU-17OA 
Single shift RTTY terminal unlt. 
Xtal AFSK. FSK, active-filters and 
more. 

Kit $189.95 
wired $289.95 

TU-170 
Single shift RTPl terminal unit. 
Low cost, AFSK, active-filters. 

Sl49.95 
(Kit only) 

TRSdO RTTY ICW 
ROM-116 Interface for mode l  1, 111, 
IV (16K MIN). All standard Baudot 
& ASCII rates to  1200 baud .  Text 
editing, auto CWIID, split screen. 
RTTY art, & m u c h  more. Proven 
rel iable & avai lab le o n  t a p e  or 
disk. Disk MAILBOX software 
avai lab le too. Ca l l  or write for 
more details & special  prices. 

'Trademark of TANDY CORP. 

SALES ONLY 

Flesher Corporation 
P.0. EOX 976 
TOPEKA, KS. 66601 
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THE AFFORDABLE REPEATER 
FROM THE MANUFACTURER OF COMMERCIAL & 
MILITARY EQUIPMENT MADE IN USA AT OUR 

MIAMI. FLORIDA PLANT 

m b r . .  ".. L.,. * a Several Frequency Ranges 

products 

light conditions is standard. The IC-751 is 
equipped standard for operation from 12 volts 30-50 MHz, 132-172 MHz, 

200-240 M H z ,  380-480 MHz. 

a Sensitivitv .3 Microvolt 12 DB SIN 

dc, and there is an optional internal ac power 
supply. The IC-751 has an advanced receiver 
design that provides true competition-grade 
performance. 

For further information, contact ICOM, 2112 
116th Avenue, N.E., Bellevue, Washington 
98004. R S#303 

OPTIONS 

I a Helical Filter Installed $65.00. a Power Output 30 Watts. 
a 8 Pole Filter Installed $20.00. 
a Cooling Fan Installed $30.00. a Four Pole I F  Filter. 

1 a Duplexer a Complete separate transmitter 
a Deluxe Cabinets 
a Timer 
a Tone Panel 

and Receiver 

a 13.6 VDC or 1151220 UAC 

Power Supply. 
a 19" Rack Mounting. 

improved antenna 
Bilal's new lsotron 20 is easier to  tune, more 

versatile in mounting, and covers a greater fre- 
I OTHER PRODUCTS quency range than previous models. The new 

model is omnidirectional and will handle the full 
legal limit of power. It's adjustable for reso- 
nance, weighs approximately two pounds, and 
measures only 21 inches in length. 

The lsotron 20 requires a single coaxial feed- 
line; no tuners or radials are necessary. Its 

a Simplex and Full Duplex P A Y M E N T  T E R M S :  

VHF/UHF Mobiles and Bases Domestic Orders 50% with order 
a Rural Radio Telephone 50% C.O.D. 
a Auto Patch Foreign Orders Letter of Credit 

H F  SSB Transceiver or Advance Payment. 
a Catalogues available upon request Allow 2 to 6 weeks for delivery. 

DEALER INQUIRIES INVITED 
small size makes the lsotron 20 ideal for travel 
or for use in limited space. The price is $49.95 
plus $3.50 for shipping via UPS. 

For further information, contact the Bilal 
Company. Star Route 2, Eucha, Oklahoma 
74342. R S #304 

I T  S International Telecommunications Systems Florida Inc. 
8416 N.W. 61 ST. / M I A M I .  FLORIDA 33166 

TEL: (305) 593-0214 / TELEX:  525134 

vhf converter 
Trio-Kenwood has recently announced the 

release of an optional accessory VHF convener 
- the VC-10 - to aocompany its highly so- 
phisticated R-2000 communications receiver 
introduced last December. The VC-10 allows 
the R-2000 to receive signals in the 118-174 
MHz range; through the use of microprocessor 
technology, frequencies in  this range may be 
tuned, displayed, stored in memory, recalled, 
and scanned, using the R-2000 front panel con- 
trols and frequency display. 

The R-10 installs easily on the rear panel of 
the R-2000. 

Additional information is available from Trio- 
Kenwood Communications, 11 11 West Walnut 
Street, Compton, California 90220. RS#305 

PREVENT For superlor perlormance at lower cost, use 
top-rated 8-pole Fox Tango crystal filters to fill 
the optional spots in your rig. For example. 
our 1800 Hz FT2808 equivalent of the YK88SN 
has a 6016dB shape factor of 1.7 compared 
with 2.0. a price of $55 vs $63, and squarer 
shoulders at the top with steeper skirts all the 
way down to more than - 80dB. 

HI-TECH 
IES 

"V c.., '..."'.. 
interaction 

clean up ii 

For more pleasant audlo use our 2100 Hz for 
SSB andlor our 6000 Hz for AM. For CW, our 
400 Hz unit is better than the YK88C. while our 
250 Hz is sharper than the YK88CN. The more 
you buy, the more you save! 

BIGGER IS BETTER! 
Fox Tango filters are better because of their 
discrete crystal (not monolithic) construction. 
This makes them slightly larger than YK filters 
so they are patched into the circuit with short 
lengths of coax. Installation is easy - no drili- 
ing or circuit changes. Order with confidence. 

INTRODUCTORY PRICES - Complete Klt 
Any ONE filter.. . . . . . . . . . . . . . . . . $55 
Any TWO fillers.. . . . . . SlW(Save$10) 
Any THREE flltera.. . . . S145(Save $20) 

Includes all needed cables, pads, detailed I* 
stmctions. Specify the type@) desired. 
AM - FT2811(6000 Hz Bandwidth) 
CW - FT2801(250 HZ); FT2802 (400 HZ) 
s s e  - nneoe ( l a w  HZ); ~ ~ 2 8 0 9  (21 w HZ) 
Sh~pping $3 per order. ($5 air) FL Sales Tax 5% 

ONE YEAR WARRANTY 
GO FOX-TANGO-TO BE SURE! 

Order by Mail or Telephone. 
AUTHORILEDEVROPEANAGENTS 

%T Scand~navla 3200. Sandellord. MlCRoTEC NORWAY Makedien 26 

Other INGOIMPEX, Postfach 2449 
r /  137 D.8070. Ingolstadt. W. GERMANY 

Oor l~olatm 

eliminate 
n"..;"mn"r 

curb dama~ ing  power line epiken 

tor 

rr: 4 nuaa inoiareci socweu: nuoorenna 
grade prot 

. -  
EWI.I tlecfronlc s p e c l a l t s t s ,  nc. 

17 1 S. Maln St.. Box 389. Natlck. MA 

Toll Free 
MasterC~ 

Order Desk 
ard. VISA. Ar 
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You can DX and receive weather Easy to order. 
charts from around the world. Only $995 for the complete 

Tune In on free, worldwide government weather services. ALDEN Weather Chart Recorder Kit. 
Some transmitting s~tes even send weather satellite cloud To order, fill out and mail the coupon below. For 
cover pictures! cash orders enclose a check or money order for $995. 

Add $5 for shipping and handling in the U.S. and Canada. 
plus applicable sales tax for CA, CO, CT, IA, MA, NY, WI. 

You've heard those curious facsimile (Export price is $1250 F.O.B. Westborough, MA. Specify 
sounds while tuning through the , 50 or 60 HZ.) TO use your Mastercard or Visa by phone, 

bands- now capture these signals call (617)366-8851. 

on paper! . 
Assemble ALDEN'S new radiofacsimile Weather Chart ALDENELECTRONICS 

Recorder Kit, hook it up to a stable HF general-coverage 
receiver, and you're on your way to enjoying a new hobby 
activity with many practical applications. Amateurs, pilots, 
and educators can now receive the same graphic printouts 
of high-quality, detailed weather charts and oceanographic 
data used by commercial and government personnel. 

Easy to assemble - Backed by the 
ALDEN name. 

For over 40 years, ALDEN has led the way in the design 
and manufacture of the finest weather facsimile recording 
systems delivered to customers worldwide. This recorder 
kit includes pre-assembled and tested circuit boards and 
mechanical assemblies. All fit together in a durable, attrac- 
tive case that adds the finishing professional touch. 

Buy in kit form and save $1,000! 
You do the final assembly. You save $1,000. Complete, 

easy-to-follow illustrated instructions for assembly, 
checkout, and operation. And ALDEN backs these kits 
with a one-year limited warranty on all parts. 

Washington Street, Westborough, MA 01581 
- - - - - - - - - 

i 
I NAME: 

i 
I 

I I 
I CALLSIGN: I 

ADDRESS: 
I 
I I CITY: STATE: ZIP: I 
I 
i 

I've enclosed a check or money order for 5995.00 and I 
1 $5.00 for shipping and handling, plus ap~licable sales tax. I 
I I 
I O Charge lo: MasterCard /Ij [7 Visa m] I 
I ACCOUNT I (ALL DIGITS) ! 

! EXPIRATION DATE 

SIGNATURE REQUIRED i 
I IF USING CREDIT CARD I 
I 



THE CHAMP 

BIRD MODEL 4304 

NO ELEMENTS 
251000 MHZ 

RF SAMPLING PORT 
AUlHORIZtD .mm3 DlSlPlWTOll 

lkbskrl 
WEBSTER COMMUNICATIONS INC. 

115 BELLARMINE 
ROCHESTER. MI 48063 

313-375-0420 

CALL TOLL FREE 

800-521-2333 
800-482-3610 

JOIN THE FUN and EXCITEMENT! 
Wired 6 Tested 

'1 39 " 
'68" 

FM.10 KIT 

FM 10 ~nclude\ a I w i )  rulor allk xree~~ed. alurnlrlurn 
chass~s. the deluxe CYfIEHNLT ( t i y  t i a ~ n l  CB board. True 
FM d~scrlmlnator k ~ t ,  c rys td l  jdcks. D O ~ S  hardware and a 
thorough Instruction manudl 

HAMFEST SPECIAL '33.00 
Same as above, less chassis, hardware 

DISCRIMINATORIDEVIATlON KIT '12.95 
TEN METER FM HANDBOOK '4.95 

HElL SOUND, LTD. 
Mar~ssa, IL 62257 
k Or* P8k w b I0 fM1 

Cusiorn tv ln i i~ r l (~  LI\I\ on L c ~ h c l s l  

A m a t e u r  R a d i o  O p e r a t o r  NAMES 
Ccrsinn, 115's (nrn~,llerl 11, 10 8 1  wrr ' 11 nL 

Geographic by ZIP and/or State 
By L~cense Issue or Explrat~on Date 
On Labels of Your Cholce 

Total List: 415.000 Pr~ce: S25lThousand 
Call 203: 438-3433 lor more ~nlormnt~on 

Buckmaster Publishing 
70 Fli,ri,l ! IinII R R,dqa 11c l  l CT 06Ri7 

WARNING 

Installation and dismantling of towers is dangerous and temporary 
guys of sufficient strength and size should be used at all times 
when Individuals are climbing towers during all types of installa- 
tions or dismhntlings. Temporary guys should be used on the 
first 1 0 '  or tower during erection or dismantling. D~smantl~ng 
can even be more dangerous since the cond~tion of the 
tower, guys, anchors, and/or roof in many cases is 
unknown. 

The dismantling of some towers should be done 
w ~ t h  the use of a crane in order to minimize the 
possibility of member, guy wlre. anchor, or base 
failures. Used towers In many cases are not as 
Inexpensive as you may think i f  you are Injured 
or killed. 

Get professionll, experienced help and 
read your Rohn catalog or other tower 

erector would be very Inexpensive 
insurance. 

Dlvkston ol  UNR. Inc 

6718 West Plank Road 
Peoria. 111tno1s 61601 

iif%# products 

microcircuit soldering kit - 
A kit including soldering iron, tips, and hold- 

er for precision microelectronic soldering is 
now available from the Ungar Division of Eldon 
Industries, Inc. 

The Ungar 9375 Micro-soldering kit includes 
a three-wire handle, slimmer than those on 
earlier models, to  facilitate close-tolerance sol- 
dering. A "Thermo-duric" heating element al- 
lows the heating elements to  reach working 
temperature faster, recover more quickly, and 
use less energy, and last longer than other 
types of heating elements. Electric leakage, 
which could ruin microcircuits, is also said to  
be eliminated. 

Three precision tips of differing configura- 
tions (needle-point, spade point, and screw- 
driver) are also included with the kit. Nine addi- 
tional tips are available. 

The handle, heater, and tip are all modular, 
permitting quick replacement or change. The 
price is $51.75. 

Further information is available from the 
Ungar Division of Eldon Industries, Inc., 100 
West Manville, Compton, California 90220. 
R S #306 

new from HAL 
The HAL CT2200 is the successor to  the 

popular CT2100 Communications Terminal. It 
offers all the features of the CT2100 plus key- 
board programming of all eight "brag-tape" 

86 August 1983 



messages, programmable selective call control 
of the printer output, manual printer on-off 
control, non-volatile storage of HERE IS, 
"brag-tape" capability, selective call codes, 
and new rear panel connections for use with 
the ARQ1000. While the CT2200 is a new prod- 
uct that replaces the CT2100, a kit (including a 
new front panel) is available t o  enable CT2100 
owners to  update their units to  CT2200 capa- 
bility. 

The CWR6750 is a receive-only RTTY and 
CW demodulator and display generator. The 
CWR6750 features a built-in 5 inch video dis- 
play. Operating from + 12 Vdc, this compact, 
portable unit is recommended for RTTY and 
CW short-wave listening. 

For further details, contact HAL Communi- 
cations Corp., P.O. Box 365, Urbana, Illinois 
61801. RS#307 

programmable CTCSS 
encoderldecoder 

Ferritronics has announced the availability of 
the new P505A CTCSS EncoderlDecoder. 

The unit features quartz-accurate frequency 
synthesis and DIPSWI~CH programming to all 
37 EIA sub-audible tone assignments. 

A choice of plug on or soldered on lead set is 
offered to  suit various mobile and portable ap- 
plications of the unit, which measures 2.1 x 
1.2 x 0.4 inches. 

For further details, contact Ferritronics, Inc.. 
1319 Pine Avenue, Niagara Falls, New York 
14301. RS#309 

A new challenge in the amateur radio world.. . 
Introducing 2m & 6m SSB/CW QRP Transceiver kit . . 

MX 2 (144 MHz band) and MX-6Z (50 MHz band) SSB/CW QRP.. . 
Transceiver offers the user unlimited challenges in QRP. It 
creates a new dimension in amateur radio operation and lots of 
fun to play with. The major circuits are factory assembled and 
tested to insure superior performance. Just solder a few 
wires to switches and connectors and you are in operation. No 
special tools are needed, only about one hour of your time 
assembling, and you are ready to challenge the amateur world.. . 

FEATURES 
200mW for MX-2 and 250rnW for MX-6Z 
MOS FET receiver front-end 
Nose blanker built in 

D S~ngle conversion receiver 
Built-in CW keyer 
VXO controlled (+50kHz per channel) 
External m~crophone and speaker jacks 
High quality crystal filter (7.8MHz) 
Provision for external DC operation 
6 x AAA dry-cell or 9V transistor battery 

SPEClFlCATlONS 
Model MX-2 144MHz band SSB/CW 
Transce~ver 
Model MX-6Z 50MHz band SSB/CW 
Transceiver 
Operating Mode: A3J (USB). A1 (CW) 
Maximum Output Power: 200mW 
(MX-2). 250mW (MX-6Z) 
Spurious Output: Greater than 40dB 
down 
Sideband Suppression: Greater than 
40dB 
Receiver Sensitivity: Less than 0.5uV 
for 15dB S/N 
Frequency Tuning Range: Maximum 
+ 50kHz per channel 

I No. of Channels 2 
'I 

4 W . 9 5  s e k n o c k - d o w n  kit with channel 

4. (a lei) and assembly instruct~ons. 

C 
db-. 

Order t%day %%a or from HENRY n ~ u l u  (eOOj WZI-~INI. 1 0  order direct include 
$3.00 shlpping/handling. From Californ~a add sales tax VISA/MC orders welcome. 
We will pay sh~ppinq/handling charge for all prepaid orders. NO C.O.D. PLEASE. 

Ine chanr 

. .a* ,.a 

SCMICONDUCTORS: P. C. BOARDS FOR MOTOROLA BULLETINS 
MRF-208 - 12.00 VtHW-252 - 50.00 ER-IRA - 12.01) AN-762 - 14.00 
MRF-240 - 15.50 MIW-710-1 - 61.00 EB-27A - 14.00 AN-791 - 10.00 
MRF-247 - 34.80 MPSH-81 - .50 ER-63 - 14.00 EB-67 - 14.00 
MRF-309 - 27.60 Fn12205 - .58 KEMET CHIP CAPACITORS:56 p f ,  82 p f ,  
MRF-422 - 41.40 78L08CP - .50 100 p f ,  390 p f ,  470 p f  ;-. 50 ea 
MRF-454 - 20.00 2N4401 - .75 680 p f ,  1000 p f ; - .55  ea 
MRF-901 - 1.75 2N5190 - 1.50 5600 p i ,  6800 p f ,  .l uE;-1.00 ea 
SR1.-I Douhle-Balance M ixe r  - 6.50 .33 uf;-1.90 ea .68 uf ; -3.90 ea 
CAMBION RF CHOKES: .15 s h ,  .22 uh. .33 uh, 4 . 7  uh, 10 uh - 1.20 ea 
BROADBAND TRANSFORMERS PER MOTOROLA BULLET1NS:AN-762, EB-27A, ER-63 
UNDERWOODISEMCO METAL-CLAD MICA CAPACITORS:5pf,10pf,15pf.25pf,30pf, 
40pf,5hpf,hOpf,68pf,ROpf,91pf,l~Opf,200pf,25Opf,390pf,470pf,1000pf 

W e  a l s o  r a r r v  a l i n e  o f  VHF.  UHF a m p l i f i e r s  and ATV equipment. 
C a l l  o r  w r i t e  f o r  ou r  f r e e  c a t a l o g .  

CD Communication Concepts Inc. = 
2648 Nor th  Aragon AveeDayton, Ohio 45420*(513) 296-1411 r /  124 



I KENWOOD 
O M  I 

I TS430S 
New Gen. Cov. 

Solid State Transceiver I 

I R2000 
New Gen. Cov. I 

INC. 

MD. : 301-792-0600 
OPEN MON.THROUGH SAT. 

CALL TOLL FREE 
1-800-638-4486 
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I BUY DIRECT 8 SAVE I 
40 CHANNEL 
CONVERTER 

$3 8 Regular $69 

Advanced Sol~d State design and cir. 
cuitry allows you to receive mid -3 
super band channels. Restores pro- 
gramming to Video Recorders. 

36 CHANNEL 
REMOTE CONTROL 
CABLE CONVERTER 
$88.00 

DIAMOND D-56 WIRELESS 
THE ULTIMATE CABLE T.V. 
CONVERTER I 

56 CHANNEL 
INFRARED 

REMOTE CONTROL 
$139.00 

Panel Mount 
Handy Logging Area 

I Spinner Handle Available I 

PRETUNED- ASSEMBLED 
ONLY ONE NEAT SMALL 
ANTENNAFOR ALL B A -  
NDS! EXCELLENTFOR 
APARTMENTS1 IM- 
PROVED DESIGN 1 

@-?FOR ALL MAKES AM - 
ATEUR TRANSCEIVERS 1 6. GUARANTEED FOR 2000 
WATTS SSB INPUT FOR 
NOVICE AND ALL CLASS 
AMATEURS1 

I COMPLETE wlth 90 n. RG58U-52 ohm feedhe. and 
PL259 connector lnsulotor.. 30 I t  300 h tnt d-cron end SYDDO~IS, center ;onnrctor wRh b d R  In Ilahmlng anester  and 
.t.tlc dlscnaras. LowSWR over all bands -Tv las  usualh NOT I 
NEEDEDI t i n  bdusca ~ n v e n e a  V'S - slopcrs - ~n attl~., on 
bullding tops w narrow lo- The  O N L Y  ANTENNA YOU WILL I 
I 80-40-20-15-10 - - 2 vm - 104 It. -Modal 998BUC 989.95 

40-20-15-10 -- 2 w.0 -- 54 71. - M o d e l  100lBUC.. 980.95 
20-15-10motet - 2 tr.0- 26ft.. Mode l  1007BUC. ,587.95 
SEND FULL PRICE FOR POSTPAID INSURED DEL IN USA. 
ICannda Is S5.W eatre lor ~ o s t a p c  - clerlsal- customs etc) or 
order ushg VISA - MASTER CARD - AMER EXPRESS. 
Glre number and ex. detc  Ph 1-308-236-5333 9 A M  - 6PM 
week dava. We skO h 2-3d.v~. ALL PRICES M A Y  INCREASE 
S4VE - ORDER NOW! A11 anlcnnrr puerantscd In 1 ye*. 

1 USA FREE INFO. AVAILABLE ONLY,FROM fl 196 
WESTERN ELECTRONICS 

Dem. AR- R Kearnev. Nrwa.k.. 68847 

products 

AMT-1 terminal unit 
The AMT-1 terminal unit contains everything 

that is needed to convert an Amateur Radio 
station and personal computer (or ASCll termi- 
nal) into a fully operational data communica- 
tions system. It combines modern circuitry 
IAFSK modulator/dernodulator~ with a micro- 
processor which handles AMTOR data trans- 
mission and also translates between AMTOR 
code and 8 unit, ASCll code. 

An ASCII, RS232 interface has been chosen 
for the AMT-1 because of the extra CONTROL 
and ESCAPE code flexibility which this allows. 
Additionally, home computers and data termi- 
nals with ASCll interfaces are now available at 
reasonable prices. 

In addition to AMTOR capability, the AMT-1 
also transmits and receives standard RTTY and 
transmits CW (morse code). A fourth "Trans- 
parent" or "Direct" mode is available, which 

connects the terminal directly to the modem. 
Using an ASCll terminal, it allows the AMT-1 
to transmit and receive ASCll at any suitable 
Baud rate. 

The modem incorporates an active 4-pole re- 
ceive bandpass filter, feeding into an audio dis- 
criminator. It has a performance much higher 
than that normally offered by Amateur RTTY 
terminal units. Transmit tones are crystal con- 
trolled. Frequency shift is 170 Hz, using the 
U.S. recommended tone pairs: 

2125 Hz (MARK) 2295 Hz (SPACE) 
Full status indication is available via LED in- 

dicators on the front panel and in addition, a 16 
LED tuning indicator has been incorporated. In 
AMTOR Mode, this acts as a gated frequency 
analyzer and makes tuning extremely simple. 

No switches appear on the front panel of the 
terminal unit. All control is via ESC and CON- 
TROL functions sent from the terminal or com- 
puter. 

For complete information, contact Advanced 
Electronic Applications, Inc.. P.O. Box C-2160, 
Lynnwood, Washington 98036. RS#308 



WORLDS OF ENTERTAINMENT 
Now, you can enjoy over 60 tele- sgnals from satellites thousands of miles sportfishing sonar products, acclaimed 
vision channels with Lowrance wehead and converts them into television as the finest in the world. And we're 
Earth StationISystem 7 Receiver. and stereo for you to enjoy. And it's sur- building that same quality and reliability 

prisingly affordable. (Systems start as low into our satellite receivers. 
Today, television and stereo pro- 
gramming is so diverse - so complete, as $2.900.) Right now, you're missing out on worlds of 
it's no longer enough to have access to The most advanced receiver on the market entertainment. For more information on the 
onlv a few channels. today is System 7, made by Lowrance Lowrance Earth Station'System 7 

W the magic of satellites, you can 
receive more than 60 channels of tele 
wsion and over 20 channels of stereo 
directly into your home. Including first-tun 
movies, sports events, special children's 
shows, religious programs, news, live 
coverage of Congress, farm reports - and 
much, much more.' 

It all comes from a satellite earth station 
- consisting of a dish antenna, amplifier 
and satellite receiver. The station picks up 

~lectroni&. We supply the satellite receiver, 
and our distributors add a dish antenna. 
Lowrance has been a leader in the elec- 
tronics industry for more than 25 years 
now. You rnay.already be familiar with our 

Receiver, clip the coupon below and mail. 

'While most satellite programming is free, some 
channels are resewed for pay audiences and 
may require a small viewing fee. 
- -- - - - - - 

1 ks! I want to know more about the Lowrance Earth Statlon/System 7 Receiver. Send me 
I more Information today. L'LOWRANCE 
' Name LOWRANCE ELECTRONICS, INC. 

( Address 12000 E. Skelly Dr., Tulsa, Okla. 74128 1 
I =w State ZIP I 



I The RC-850 Repeater Controller is creating a New Breed of repeaters. Providing the 
ultimate in reliable, versatile communication. with the most advanced repeater 
autopatch available, and synthesized linking to other repeaters. I 
Its mailbox, informative ID and tail messages, and user signal diagnostics make it 
your group's "Information Center". 

Plus two-tone paging, site alarms, and remote control functions.With remote 
metering to let you troubleshoot yoursystem from home. Its built-in time of dayclock 
and Scheduler have redefined the meaning of "automatic" control. 

The RC-850 controller is remotely programmable with Touch-Tone commands. 
and isavailablewith lifelikesynthesized speech foran ideal humaninterface. 
And it's upgradable through software so it'll never become obsolete. 

Communication, information, signalling, control. 
Jew Breed. . . 

MAKE YOUR REPEATER A WHOLE NEW ANIMAL 
WITH THE RC-850 REPEATER CONTROLLER 

QCC advanced 
Call or write for detailed specifications on the computer 

RC-850 Repeater Controller. controls, Inc. 

1 1081 6 Northridge Square Cupertino, CA 9501 4 (408) 749-8330 1 

products 

frequency counter 
Global Specialties' new 1 GHz frequency 

counter, Model 6002. delivers accurate fre- 
quency measurement from 5 Hz to 1 GHz and 
also measures period from 100 ns to 200 ms. 
With three selectable resolutions (cycles aver- 
aged in the period mode), LED indicators, and 
simple push-button control, this unit offers un- 
complicated operation as well as versatility. A 
10 MHz crystal oven oscillator time-base as- 
sures +0.5 ppm (10-40 degrees C), _+ 1 ppm/ 
year stability. 

Two front panel mounted, ac-coupled BNC 
input connectors provide flexibility in use. The 
A input accepts signals from 5 Hz to 100 MHz 
with an input impedance of 1 megohm at 20 pF 
and resolutions of 10 Hz, 1.0 Hz and 0.1 Hz. A 
switchable lowpass filter provides a 6 dB/oc- 
tave roll-off at 60 kHz to facilitate audio and 
ultrasonic measurements. A x 100 multiplica- 
tion mode is available to speed up measure- 
ment and display of frequencies in the 5 Hz to 

10 kHz range. The B input accepts signals from 
80 MHz to 1 GHz with an input impedance of 
50 ohms at 10 pF with resolutions of 1 kHz, 100 
Hz. and 10 Hz. 

The front panel of the 6002 allows ready ac- 
cess to controls. Push-button controls include: 
StandbyIOn; Mode; Resolution; A/B input; 
and Lowpass Filter. The 8-1 12-digit display fea- 
tures leading zero blanking, bright 0.43-inch 
characters, and a contrast enhancement filter 
to ensure legibility in ambient light. LED indica- 
tors for "Gate Open," "Oven Ready," and 
"Overflow" provide additional user conven- 
ience, and a flip-up leg gives added flexibility 
for benchtoo use. 

The 6002 can be used for audi-VHF in com- 
munications, data processing, process control, 
rf design, digital design, QC, and maintenance. 

For additional information, contact Global 
Specialties, 70 Fulton Terrace, New Haven, 
Connecticut 06509-1942. RS#310 

products 

Augat packaged products 
A major industrial manufacturer has an- 

nounced the nationwide distribution of a com- 
plete line of specially-packaged industrial-qual- 
ity electronic and electromechanical products 
for consumer use. 

More than 600 styles of sockets, intercon- 
nection products, ribbon cable, and IDC prod- 
ucts and accessories - including Alcoswitch 
switches. lamps, and knobs are now available 
to Amateurs. 

A complete catalog is available. For informa- 
tion, contact Augat, Inc., 89 Forbes Boule- 
vard, Mansfield, Massachusetts02048. RS#311 

satellite receiver 
National Microtech, Inc., announces the ad- 

dition of the Apollo Q-1 satellite receiver and 
down converter to its product line. The Apollo 
Q-1 satellite receiverldown converter carries a 
one-year warranty from National Microtech. It 
features push-button transponder selection, 
automatic polarity control, an audio-in signal 
strength meter display, and a built-in modula- 
tor. The Apollo Q-1 is packaged in a wood- 
grain cabinet with a sleek, black, anodized face 
plate. A separate down converter with integral 
LNA power block complete the package. 

National Microtech is a leading national dis- 
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A typical part, 902-070 (0.32-inch ID, 0.125- 
inch OD, and 0.070-inch thick), is priced at 
$10.00/K, in 10K lots. For further information, 
contact Bivar, Inc., 4 Thomas, I ~ i n e .  Califor- 
nia 92714. RS#314 

self-contained keyer 
A new completely self-contained keyer from 

Globalman features variable speed, monitor 
volume control, automatic or semi-automatic 
switch, and an on/off switch on the front 
panel. The other controls such as tone, output 
keying switch from transistor to relay, external 
speaker or earphones, battery option input 
jack, output terminals, fuse, and ac line cord 
are on the back panel. 

The relatively heavy keyer is housed in a 
crackle-finished steel cabinet designed to re- 
main stationary in use. 

An unconditional guarantee covers materials 
and labor for one year from date of purchase, 
as long as the keyer is not dissembled or 
abused. Should malfunction occur, the factory 
will repair the keyer at no cost to the owner. 

For further information, contact Globalman, 
Inc., El Toro, California 92630. RS#315 

cable stretcher 
What do you do when your printer - with 

15 feet of cable - is needed 50, 100, or 1000 
feet away from your computer? 

The new "cable stretcher" from Cronos can 
help keep your computer and printer in two- 
way communication without loss of speed or 
degradation of performance. Model lOOLS 
consists of two heavyweight stretcher boxes, 
one at each end of the center cable. 

The stretcher comes with 25 feet of twisted 
15-pair cable (extra lengths may be ordered) up 
to 1000 feet. Each end terminates in a DB-37P 
connector. The interfaces weigh about 3 
pounds each, use 3 VA of 120 volt 50-60 cycle 

power, and will operate in ambient tempera- 
tures of 0 to 70 degrees C. The size is 6-1 12 x 

6-112 x 3-114 inches. Six feet of flat cable 
connecting stretcher to printer are supplied. 

For more information, contact Cronos Engi- 
neering, Inc., 105 N.W. 43rd Street, Boca 
Raton, Florida 33431. RS#316 

31 
Comolete readv to use 70 GHz fm w 

?y enclosu 
Ir position I 
re Full 

- 
for optiona 
one year 

I filter 1 
warranty , 

t typicel fr&uency coverage 10.23510.295 GHz Full duplex operation 
Internal Gunnplexer for portable operation Gunnplexer removable for tower 

writing in fixed location s e ~ i c e  - three shielded cables required for intercom 
rtion Powered by 13 volts dc nominal at 250 mA 30, MHz C f  loturn 
tentiometer controlled VCO tuning 220 kHz ceramic Cf filter Extra FAa 
itched filte lual polarity afc Rugged two 

$389.95 with 10 n 
$269.95 with 

n W Gunnp 
out Gunnp 

elvcrnced 
Receiver 
Research 

Wrnh 
add 7. % % 
AIr  mail to I t  

, U.S. and Cat 
am# h X .  C.O. 
~mlgn counfn 

M(IL Cr Rea 
0.ord.n add 
lea add 10% 

Box 1242 Burlington CT 06013 203 582-9409 Ezw!c! 

I 114 WAVELENGTH I 
Model No. 

196-200 
196204 
196-214 
196-224 
196-814 

Freq. MHz Oeacrlptlon Mce 
144-148 5/16-32 stud w/sprlng $5.95 

" BNC connector wlaprlng 7.95 
" BNC connector 6.95 

144-UP BNC conn. ad). angk 7.95 
220-225 BNC connector 6.95 

518 WAVELENGTH 
144-148 5/16-32 lor HT-220 $22.95 

" 1/4-32 Stud. 22.95 
" 5/16-32 lor old TEMPO 22.95 
" BNC connector 19.95 
" PL-259 w/M-359 ~dpt. 22.95 

220-225 5/ 16-32 lor old TEMW 22.95 
" BNC connector 19.95 

440-450 5/16-32 lor HT-220 22.95 
" 1/4-32 stud 22.95 
" BNC connector 19.95 

Largest Selection of Telescoplc 
Antennas. Wrlte for into.,Prlce are, 
postpaid via UPS to 48 States. For alr 
dellvery via UPS Blue add $1.50. 
Florlda add 5% sales tax. Payment by 
M.O. or Cashiers Check only. , ,,, 

Main Street Evansville. IN 47711 

NEW FROM ICOM 
Fuli  lec,!~~fec: ,ill ~ I J ' . , !  ,;,I,~: [,I],, I JV:  ! I # , ?  Grade 
Transcetver l r a n s r r l ~ l l ~ l  Lovers all 11,1111 11~1fldS plus 
lhree new WAHC barids Heietver covers 100 kHz 
lhrough 30 MHz too' 

Receiver: Senslt tv~ty 7 5 r V  lor 10 dB S I N .  J-FET 
DRM. 105 dB  dynatnlc range. 70 4 MHz 1st IF 
eltrnlnales spurs. 9 MHz 2nd IF leatures h ~ g h  
galn and PBT. IF notch, adlustable AGC and nolse 
blanker (lor woodpecker loo) are lus l  a lew o l  the 
lealures 

Transmitter: 200  w a l l s  PEP l n p u l  SSB /CW.  
2SC2097 lranslslors leature h ~ g h  rel lab~l l ly ~n low 
IMD.  -32 dB  fz lOOW lnlerndl coollng Ian stan- 
dard. X I 1  and h ~ g h  perlorniance speech processor 
and much more 

And there's even more: Dual VFO s 32 memorles wtth lhlh~um 
hatlery lor seven year tnemory relenl~on scannlnq FM 
board wlde selectton ol ltllers 

This is a value packed unit Call or wrne today lor more Inlor- 
matton. r /  143 

For Discount Prices on lcom radios or accessories 
call Dan or Rick Mon.-Fri. 9-6 PM. Sat. 9-3 PM at -= (812) 422-0231 m- 
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products 

1 ROHN. 
"FOLD-OVER" 

TOWERS 
EASE OF INSTALLATION 

ROHN "Fold-Over" Towers are quickly and 
easily installed. The "Fold-Over" is cefe 
and easy to servlce. ' ADAPTABILITY 
ROHN has several sizes lo Ill your appllca- 
lions or you can purchase the "Fold-Over" 

, components to convert your ROHN lower ~ into a "Fold-Over". 

HOT DIP GALVANIZED 
All ROHN lowers are hot dip galvanized 
after Iabricallon. 

REPUTATION 
ROHN is one of the leeding lower manufac- 
turers. with over 25 years of experience. 

Wrlte today for complete delalls. 

r/ 191 
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NUTS & VOLT 
The Nation's HZ Electron 

Shopper Magazine 
PO BOX I I I I -H PLACENTIA. CA 926 

(7 14) 632-7721 

.S.A. SUBSCRIPTIONS 

- I YEAR I ST CLASS MAIL 
- LIFETIME - 3RD CLASS MA 

e PHOTOWATT 
PHOTOVOLTAICS 

SEND $2.00 

EQUIPMENT. 

P.0 BOX 339 DEPT. HR 
REDWAY.  CA 95560 (707) 923.2277 

electronic grade coolant 
A newly formulated electronic circuit/com- 

ponent coolant from Chemtronics is said to 
make thermal intermittent trouble shooting of 
electronic circuits components easier than 
ever. Applied as an aerosol spray, Freez-lt,TM 
freezes to -65 degrees F (54 degrees C) in- 
stantly. Sprayed copper circuitry frosts and 
turns white, exposing hairline cracks in PC 
boards. Rapid chilling of suspected compo- 
nents allows individual components to be iso- 
lated for instrument testing. Defective resis- 
tors, transistors, capacitors, and other compo- 
nent parts may be quickly and easily identified. 

Freez-It can also be used to prevent trans- 
former burnout. If a transformer starts to 
smoke, spraying the transformer will keep wax, 
varnish and shellac from running and causing 
short circuits. It will also freeze adhesives for 
quick removal. 

Other uses include low temperature testing 
of circuits and equipment, preventing cold sol- 
der joints and soldering delicate, heat sensitive 
components, and as an aid in shrink fit 
assembly. 

The product can be used safely on plastics, 
rubber, paints, or metal and leaves no residue. 
It is also non-flammable, non-toxic and odor- 

less. Active ingredients are 100 percent pure 
Freon 12. Freez-It has been tested to meet Fed- 
eral Specification BB-F-1421. 

A specially designed 3-way variable control 
valve controls the spray zone; a pinpoint appli- 



cation or wide area coverage can be selected. 
An extension tube is also supplied for difficult 
to reach areas. 

Freez-It is supplied in 15 and 22 ounce aero- 
sol spray cans. 

For further information, contact Chemtron- 
ics, Inc.. 681 Old Willets Path, Hauppauge, 
New York 11788. RS1317 

clamp-on ammeter adapter 
The new Triplett Model 10-N clamp-on AC 

ammeteyr adapter is universally adaptable to 
any digital multimeter with 314 inch center ba- 
nana plugs, 10m ohm input and a 200 mV ac 

current range. Said to be ideally suited for in- 
field, non-interruptive circuit testing, the 
Model 10-N may be used with a line separator 
(Triplett Model 101 1, for single-conductor cur- 
rent measurements on two conductor cables. 

Current ranges are 0-20 amps and 20-200 
amps with an accuracy of + 3  percent. The 
range switch may be operated under load with 
no damage. 

The spring-loaded clamp jaws permit simple 
one-hand operation. Model 10-N is molded 
from high-impact thermoplastic material to 
provide years of durable, trouble-free opera- 
tion. 

For further information, contact Triplett Cor- 
poration, One Triplett Drive, Bluffton, Ohio 
45817. RS#318 

new Sinclair catalog 
Sinclair Radio Laboratorles, Inc.. has re- 

leased the new edition of their product infor- 
mation catalog. The 16-page booklet contains 
updated technical specifications on a full range 
of Sinclair's multicouplers, combiners, duplex- 
ers, and ferrite accessories. Copies are avail- 
able from Sinclair Radio Laboratories. 

For more information, contact Sinclair Radio 
Laboratories. Inc., 14614 Grover Street, Suite 
210. Omaha. Nebraska 68144. RS#319 

' A DESIGN EVOLUTION ' 

- 
Linear (all mode) RF power amp with 
automatic T/R switching (adjustable 
delay) 

a Receive preamp option, featuring 
GaAs FETS (lowest noise figure, bet- 
ter IMD). Device NF typically .5 dB. 
Thermal shutdown protection incor- 
porated 

Remote control available 
Rugged components and construc- 
tion provide for superior product 
quality and performance 
Affordably priced offering the best 
performance per dollar 1. Models with G suffix have GaAs 

FET preamps. NonG suff ix units 
Designed to ICAS ratings, meets FCC have no preamp. 
part 90 regulations 2. Covers full amateur band. 
1 year transistors warranty 

+SEND FOR FURTHER INFORMATION* 
Add $5 for shipping and handling 
(Cont. U.S.). Calif. residents add ap- 
plicable sales tax. 

a Speckficationslprice subject to  change 
I 

50 ohms Op~ral~z on 17 Vdc @ 1 I? Amp Avall 
able lor lmmedlale dellvery $349 95 plus shlpplng 

Add on Accessor~es available to extend lreq 
ranqe add lnlfnlle resolullon volce and sub audible 
lones AM prec~s~on 120 dB callbraled allenuator 

Call lor delalls Dealers wanled worldw~de 

r /  185 

~ r r r r r m r r r r m ~  

~ U D I O ~ F O W ~ "  offers a 
I the best I" self-instructional I 
I foreign language courses using I 

audio cassettes - featuring I 
I those used to train U.S. State I ' Dept. personnel i? Spanish. I 

French. German. Portuguese. I ' Japanese, Greek. Hebrew, I 
I Arabic, Chinese. 
I Italian, and  earn : a foreign 3 
I language on I 

your own!:;;,,. I 
I Call (203) 453-9794, or fill out 

I 
and send thls ad  to - I 

I 
Audio-Forum 

I 
Suite 3 7 K .  On-the-Green 

I 
Guilford. CT 06437 I 

I I 
I Name I 
I I 

Address I 
I I C"Y 

I 
I - 

I 
1 1 2  I I I om -sly htawted in (chedc choice): 

I Soanlsh French German Pollsh I I Greek Russlan Hausa Czech I 
Bulgarian Turkish Vietnamese 
Other 4 
w m m m r m m r r m r  * 
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When it comes to 

QSL9smmm 

ONLY BOOK! 
US or Foreign Listings 

Illbooks ca 

Here they are! The latest editions of the 
world-famous Radio Amateur Callbook 
are available now. The U.S. editlon 
features over 400.000 Ilstlngs, with over 
75.000 changes from last year. The 
Foreign editlon has over 370,000 Ilstlngs, 
over 50.000 changes. Each book lists calls 
and the address Information you need to  
send QSL's. Speclal features include call 
changes, census o f  amateur licenses, 
world-wlde QSL bureaus, preflxes of the 
world, lnternatlonal postal rates, and 
much more. Place you order for the new 
1983 Radlo Amateur Callbooks, available 
now. 

Each Shlpplng Total 

USCa'lbook $19.95 $3.05 $23.00 
Foretgn 
Callbook $18.95 $3.05 $22.00 

Order both books at the same time for 
$41.95 including shlpplng. 
Order from your dealer or directly from 
the publisher. Al l  direct ordersaddshipping 
charge. Fore~gn residents add $4.55 for 
shlpp~ng. llllnols resldentsadd 5%sales tax. jm SPEC'AL OFFER! Amateur Radio 

L*A71"I I ( n w  
Emblem Patch 

only $2.50 postpaid 
Pegasus on blue field, red lettering. 3" wlde 
x 3" hlgh. Great on Jackets and caps. 

ORDER TODAY' 

RADIO AMATEUR 

Dept. F ...... $icg~l( Lake Bluff. b~~Dkv:*:.  lL60044, USA 

1296 & PHASE Ill 
MAKl UTV 1200 - $49gg5 
2M or 6M I.F. / 3 WATTS 

California .~\ntenm~ S!jstsr~nt.v' 

4 TRANSVERTER MODELS 
TXIRX CONVERTERS 
PRE-AMPS, AMPS, FILTERS 

. . . . . . . . 
THEY'RE BACK.., 
KENPRO ROTORS 
KR400. . . . . . . . 1 4gg5 
KR500. . . . . . . . 
-- - 

I 8gg5 
-- 

LARGE SASE for Catalog 

571 7 NE 56th, SEATTLE, WA 
206-382-2132 r/ 181 98105 
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Introducing 
MOT DIPPED GALVANIZED TOWERS 

TRI-ST \( h' sra, klnq rowels t o  to 120 

TSlO 40 sld- supDorlPrf PackaqP a11 hard*arP 

Cornolet~ $299 

TRI-TEL Tr~esconantl Crank up T o w s  
TT237 37 sell s u p p ~ l  9 yl 11 $499 
n 3 5 4  54 SPll C"PWI1 9 5" I t  5799 

We haw a lull Itne of maim brand antennda dnrl 

accerur!er Call lor doco\mt P~!CP qtm14 

FREE 2 Meter JAYBEAM - 
Chosc e of LW5 2M 5 1 1  vagt or UbP ?M r~rcrund 
plane wth Tower pur rhas~ oIIP~ ltm\lerY Our way 

01 savlnq Thanks I 

'Twms r n  1- CWL ol M 0 w,tn old., R ~ s r  FOR 
Shnqc S a  nqr CA M 1  kl*lgnt collwt 4lmw 2 lo 6 
MCLI OC m y  Cll t !  R.si*nls allO 6 1  11. Pw- I U D , W ~  

10 rhmqp W!M"l m,rr 

6020 Wody R i d r  Rmd 
5hvn~lr \wnn ( nltfrnw 9WU2 
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The Vancouver TNC hoard uscd by hun- 
dreds o f  "packeteerc" in the U.S.. Canada. 
and Australia i c  now available for only 
919.95. Thi \  high-quality, double-sided, 
plated-through hoard previou\lv sold Vor 
530.00. See photc, in October I981 QST. A 
large assortment o f  public doma~n software 
i\ available lor these boards on CP/M 8 "  
diskettes. A limited PROM - program- 
ming \ervice is also available. Write for de- 
tails. (Include donation for postage.) 

TNC bare hoard and documentation 
SIV.9s 
Parts kits for TNC board with 4K o f  
blank EPROMS (2K RAM) $1 17.00 
VADCC; 1200 BPS Radio Modem bare 
board and documentation $15.00 
ARtT TNC:'s (limited number avail- 
able) $169.95 

VADCG 
29 Shamokin D r i v e  

Don M i l l s ,  Ontario C'ANADA M3A 3H7 
(410) 441-2417 eves. 
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products 

new HamtronicsB catalog 
Hamtronics, Inc., announces publication of 

their 1983 catalog for the VHF/UHF/OSCAR 
enthusiast and two-way shops. The thirty-six 
page, two-color catalog features many new 
products, including fm repeaters, new VHF 
and UHF fm receivers, helical resonator pre- 
amps and filters, low-noise receiver preamps, 
and a UHF receiver for listening to the space 
shuttle. Also included are the popular fm trans- 
mitters and power amplifiers, VHF and UHF re- 
ceiving and transmitting converters, VHF 
transceivers, and other products. 

For a free copy, write to Hamtronics, Inc., 
65F Moul Road, Hilton, New York 14468. 
RS#320 

tone signaling products 
catalog 

The new product list from Communications 
Specialists includes their new direct plug-in 
CfCSS encoder-decoder boards for many 

two-way radios, paging, two-tone sequential. 
and burst tone devices. For a copy of the list, 
contact Communications Specialists, Inc., 426 
West Taft Avenue, Orange, California 92667. 
RS#321 



short circuits 

6-meter amplifier 
In the April, 1983, article by W2GN, 

"6-meter Amplifier," the two (paral- 
lel) plate blocking capacitors (fig. 1, 
page 73) are shown incorrectly wired. 
A correct installation would have 
them wired between the plate's cop- 
per strap and the inductor L as shown 
corredy done in fig. 2 on page 74. 

remote control hf operation 
The following corrections should 

be made to K5QY's article, "Remote 
Control hf Operations" (April, 1983): 

The source of the eight-bit I10 card 
referred to on page 32 is Applied En- 
gineering, Inc., P.O. Box 470301, 
Dallas, Texas 75247. The price is 
$62.00. 

Line 3775 of K5QY's computer pro- 
gram (page 42) was omitted from the 
text. Line 3775 should read: 

3775 IF T = 9 THEN DL = - .0001 

In fig. 4, the center-tapped con- 
nection of the two series 0.01 pF tele- 
phone line shunt capacitors should 
only go to ground. The lower tele- 
phone line was inadvertently shown 
grounded. 

noise bridge 
The 365 pF capacitor required for 

construction of K2BT's rf impedance 
bridge (March, 1983) can be obtained 
from Radiokit, Box 41 1 H, Greenville, 
New Hampshire 03048, or f rom 
Mouser Electronics, 11433 Woodside 
Avenue, Santee, California 92071. 

keyer interface 
In the February, 1983, article enti- 

tled "Low-Power Keyer and Inter- 
face," the following CMOS chips 
were used: type 4023 for U1.4013 for 
U2, and 4001 for U3. Also, power 
(V + ) is applied to pin 14 and GND to 
pin 7 of each chip. 

I 

UHF DECODER 
FREE IC-CHIPS 

WITH PURCHASE OF FV-3 COMPONENTS 
WHICH CONSIST OF: 

FV-3 BOARD 
INSTRUCTION MANUAL 
BOX TO HOUSE IT IN 
POWER SUPPLY 
EDGE CONNECTORS 
TUNER 

FOR ONLY $790 00 
LIMITED TIME ONLY! 

CALL NOW FOR YOUR ORDER: 

FOR INFORMATION CALL: 817-460-7071 

P B RADIO SERVICE 
1950 EAST PARK ROW DRIVE 

ARLINGTON, TX 76010 
WE HONOR VISA AND MASTERCARD J 173 

Short-Wave Listening 
And Contemporary 

Electronic Gear. 

/- NlCAD MEMORY ERASE -WHAT?? ' . Complete autornatlc operation 
Erases - Charges * Checks 
Rap~d charges In 35 mln. (typically) 
Repa~rs most shorted cells 
No dangerous heat bulld up 
Front panel selects up  to 3 different 
packs 
Unlimited batterv combinations with 
program modules (user programable) 
LED status indicators 

The GMS 401 is a complete automatic N ICAD wndi- 

Supplied with universal EZ hook I ' 

tioner and rapid charger. Never before has this been 
offered anvwhere at anv orice and it's so oood it's be- wlre leaas . . 
ing patented. NlCAD memory characterinin must be I sW'Cifv Volts* Of BanerY Rckbl with dealt w i th~therwise batterv oack is n i t  deliverin. 

One Program module included - optional all i t  could. The GMS 401 wi l l  a'u;omatically erase an; 
mdules  $2.25 each. rapid charge any type NlCAD pack from 1 to 10 cells. 

S9.00 plus $4.00 Shipping 
(PA Residents add 6% sales tax) CONTROL PRODUCTS UNLIMITED, INC. 

I Now Available-A commercial verslon of the GMS 
401. Designed to charge up to and lncludlng the P. 0. Box 10 Department H 
commercial 15 volt Nicad packs. $139.00 plus Downingtown, PA 19335  
rame shipping and module cost as the GMS 401. 21 5-383.6395 
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602 - 968 - 3858 
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ob PLESsEy 
0 

, SEMCONDUCTORS 
0, 

O SL1612C Nc .+ /7!:iwrn I 

MN9102 T OUTPUT I 

RFAF AMPURERS I~P EARTH INPUT 

NON-VOLATILE QUAD LATCH The sL161oC and SLtEt lc  u e  low nolma. low PPQLICATIONS 
T h e  P l e s s e y  MN91OZ IS a non volatlle 4 -b~ t  data dbtort~on RF voltapa rmpllflers wllh Intapml supply Ilne 

duoupling and AQC lac111f1M Tho SLlElOC h U  a IF Ampl l f~e rs  
latch which uses MNOS t ransrs to rs  a s  m e m o r y  elements r ~ n a g e  gain or 10 and a bandwidth 01 I WMHZ. whde Iha I RF A~~~~~~~~~ to r e t a l n  s t o r e d  data ln t h e  absence of appl~ed power ~ ~ 1 6 1  IC CIICUIW have a M d a  AGC rangewltn maatmum 
The data that IS appl~ed t o  the f o u r  lnputs IS wrltten lnto qn.1 hrndllng 01 2wmv rmr AS they are VOII.~~ I AGC Am~llflers 

the memory when t h e  SAVE c o n t r o l  IS t a k e n  to a log~c arnplltlers t n y  have high Input~mpWanuand IOW output FEATURES 
'0  level and t h e  data subsequently appears on the four ~rnpodance 4.04 e 
outputs The s t o r e d  d a t a  IS also automatrcally r e s t o r e d  

The SLIB~?~ IS a low nolss low d#stor(~on. IF voltage . LOW Nose 

to t h e  outputs w h e n e v e r  p o w e r  IS r e - a p p l ~ e d  to the ampl~f~er slmllu totheSLlElOC SndSLlEllC but havlng 8 LOW D ~ s t ~ r t ~ o n  
1 voitag. gaon 01 50 a bandwldth ot lSMHz and only . rm o~~~~~ dev~ce m W  p w r r  wnsumptlon It h M  s 7008 AGC rangewoth . 

An OUTPUT ENABLE IS a l s o  a v a ~ l a b l e ,  wh~ch when mu~rnum r i ~ n a l  handlong of 2 ~ m v  rm. Wlde AGC Range 

taken to log~c 0 level p r e s e n t s  a h ~ g h  ~mpedance state On Chip Decoupl~ng 

on e a c h  d a t a  o u t p u t  l ~ n e  p e r m l t t r n g  m u l t ~ p l e x e d  

operation S L1621C AGC GENERATORS 
T h e  hlgh v o l t a g e  u s u a l l y  a s s o c ~ a t e d  w ~ t h  MNOS ~ h s  S ~ 1 6 2 l C  IS an AGC generator derbgned - ~ f ~ u l l v  

m e m o r y  d e v ~ c e s  IS g e n e r a t e d  ~ n t e r n a l l y ,  r e q u l r l n g  only for u r  In ss8 realvers In conlunnlon wlrn meSLl6lOC. 

a single e x t e r n a l  capacitor t o  a c t  a s  a c h a r g e  reservoir SLlEtlC and SLlEl2C RF and IF ampltflnr In mmmon 

f o r  S ~ p p l y l n g  c u r r e n t  w h e n  w r ~ t r n g  Into t h e  memory W I ~  other advanced ryrtems I¶ gsmratu a ru~table AGC 

The d e v ~ c e  t h e r e f o r e  o p e r a t e s  f r o m  s t a n d a r d  v o l t a g e  VOltW dtrecflV Ihe audio waretorm. 

r a ~ l s  a n d  r e q u l r e s  no a d d ~ t ~ o n a l  d r~ve  c l r c u l t r y  povldn a hold' wrlod to malnfa~n the AGC level during 
muses on spsech, and us nmmune to n o w  ~nterferena In 

$5 .45  each Motton 11 WIII smoothly follow the fad~ng s~gnah 

FEATURES c h ~ m e r t s t c  of HF commun~utton 
When u n d  In a realver wmprrsong o m  SLl81OC and Fm 1 h n  con- Iran -1 

Datd Retention for One Year I n  the Absence m S L ~ ~ I Z C  amplofler and a suatable d e r r e t ~ .   ha 

of Appl~ed Power S L ~ ~ Z I C  WIII rna~ntaln the output w ~ t h ~ n  a MB rme, tor a $4.84 each 
1 1  WE r a w  of recstvn tnput slqnal 

S~mple to Use  he ~ ~ 1 6 2 0 ~  VOGAD (VOICS Operated Gain Adlust~ng 
FEATURES 

Standard P o w e r  Supplies Only ( 5V Dev~a) IS an AGC generator deslgnad KO work In rn Wide Dynamic Range 
-1 2V) conjunet~on wtth the SL1630C audlo amplttler (pm~culrrly 

*hsn the latter 1% d as a m~crophone rmpl#fter) to Speech 

CMOSITTL Cornpat~ble nu~ntsln the ampl~t~er output ben.,en 70mV and 87mV ' Fast Attack/Adaptlve Decay 

1 4  lead DIL P a ~ h a g e  rm for a 35.38 rang. of input A one second hold' po r l~d  rn Only 4 External Components 

s provided w l ~ ~ c h  prevents any Increw of background 
Typ~cally Ten Mlllloii SAVE Oper~trons nol- dur~ng p m m ~  ~n I& 

ach 

APPLICATIONS 
Meter~ng Systems 

SL1623C 
Elapsed T ~ m e  lndrcators A M  DETECTOR, AGC AMPLIFIER & SSB DEMODULATOR 
Seccir~ty Code Storage 

Last Channel Memory for D ~ g ~ t a l  Tunrng h~n,";n~~l~w;;~;~;~;n;~~,;~;~;;;;C;,";;~ 2 1  
S L748 

AGC generator wlth SSFI demodulator. I t  Is destgnd 
-idly tor use in SSBlAM receivers in conjunct!on wlth 
SLl61OC. SL1611C and SL1612C RF and IF amplifiers. I t  

PRECISION OPERATlONAL AMPLIFIER ia comp~emnta, to the SL162lC SSB AGC generator. 
Th. AGC voltaoa is oenarated dtrectlv from the - -  " > 

Th. SL7w moncl,mlc Prrc,sDn MaIlorrl &tutnd carrier s~gnal and 8s ~ndspendent of the depth of 

Amd,f,n ,I exallmt Fho,a pcr~ormlna mndulat~on u r d  I n  responw IS fast enough to follow the 
mwa - a-(fs brwm bo a "O" rap~dlv tsd~ng signals When u r d  In a rccelvr 
CET , n d  -an-l am~l,l,n and lo* c o t  ..nerd mmprlslng om SLl6lOC and one SL1612C amplaf~er, the 
&--&ra;~~ru) m p l l t ~ e n  Tho l a  & b u  SL1623C ml l  malntaln the output wvthtn a 5 dB range for a 

mnma of Iho SL7U t m p m  sy r tm . rmr .cy  In 90dB range of recower ~nput rlgnal 
Ipecunom uuh L long term ~ntqraton. umple and hold The AM detector whtch w ~ l l  work wlth a carroer leva1 
orcum m d  h e  soufa ~mpcdana wmmtnp v n p l ~ f ~ n  &rrn to 100 mV contr~butes neg~g~ble d~stortton up to 
E n n  &9h Ih# l n M  br N r r m l  IS e x W d V  low. ck. gm modulat~on The SSB demodulator 15 of rlngls 
5 ~ 7 4 8  malnta1n1 full tmV dlmrent~al volt+ I*). T h  M a d  form The SL1623C IS des~gned to operate at 

: mumd$ate frequenclel up to 30MHz In add~t~on ~t 

nmpraNn armut 
bv310n1 at frsquenc~es up to l2OMHz wtth some 

mod. ,nM ,rmp. latchup protm,on. *on c*c",t 
&w.d.r~on In detection eff~cnenc~es The encaprulat~on IS a 

,Impla I ~ ~ ~ ~ . ~  cwnpnul,on ,,,,to rh. 14 1e.d OIL packags and the devl- 1s d e w a d  to omrate 

&la nru t i l a  and e r v  to uu. from a 6 volt supply over r temperature range of - 3 0 ' ~  

FEATURES 
$6.72 each 

$ 6 . 1 1  , e a c h  
ABSOLUTE M A X I M U M  RATINGS 

Stor*)e temwralurr - 30°C to + 85 'C 
Amblent operating tempofaNre OOC to + 809: 
Supply voltago -0.5V to +12V . L o w  Offset Voltage and Offset Current 

L o w  Offset Voltage and Current D r ~ h  

L o w  Inpu t  01as Current 

L o w  I n w t  NOIK Volrage 

L d r w  Common.mode and D ~ f f w e n t ~ a l  
Voltage Ran- NI 
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The SL6440A 1 3  packaged in 16 lead ceramic 
DIL (DGI and the SL6440C in 16 lead plastic DIL 

+ 30dBm Intercept Point ABSOLUTE MAXIMUM RATINGS 
Low Noise 

m + 15dBm Compresslon Point (1dB) 

Programmable Gain 

rat .  2nd hmghsr w - 4  ccaoab8lmtv 

Cornuldm-mrarv l u rvu t r  lrcrmml Tdx,mum ur , l t ry  tor 

asynchronous ernaner coupl.d lq lc  counter, ~ 0 t h .  on the 
u w  at the SP6168 a maxtmum aprratlng frequency ~n 

V 2  I V  I 8 .  nlur? uo.il#vc than V Z I  b o  ,i the logic ~ a r n  

mrnpl~rnntrw em~nar follower out~utr are capable of I l e r n ~ n t  r r f  a0 *hen I h r  roc( ;  .nput doe5 to 4 law logtc 

drtvlng loon Innas and ~ntrrfaacq to ECL ~ 0 t h  me unn 'Vrrl lh- i l u t n w l r  r r?  1,tlched n !hc,r prrwn! -arc 

porltlve tupplv. Th* SP8616 =rues requnre rupp11.r of OV xxK A5.~umr8lr of  !he nrrforrnanc~ ~ l t l l ' r ~ n ~ e l  l h ~ t n v n  lne 

and -7 4V I f  O.4Vl. 
SP I  650  dnd rhr SP1651  mdy be -red the rela:lre 
!wnrv,nr? i h l w n  18,  F yurrr 3 rnd 6 

~ C C  - I S  0 V . P." ! l o  
" i t  . . 5  1 "  . P i "  B 
i n 0  - ?in 1 16 ' O0 - IJO -W c... L o n ,  

DC to lGHz operation. 8ur. 3 5 m l l r u  5PIb101 . l o l , . . O  S P 1 6 S l i  

' , , O ~ . !  5,... n.,. . ,so < a. SPlc.50, 
- 500 Y " . ,SP165, ,  . 11'1...".. """l ,".,". 

J Y I" . 5  0 V I 1 0 " ~  to . d 5 ' ~ ,  . cnr-on UOd. S.np 

J O V  .O * I  3 V I >OOC $0 . R ~ ' c I  .sP16501 
APPLICATIONS 1 5 V r o  '10" 8 ~ O ~ C C ~ . B I ' C I  5 P 1 6 1 1 1  . -..u.r.ol .,O."" ,oOc ,a .B,*c, . 3 -  ... 10 1 n.. 

1MOMHz + 64 
FEATURES 

The SLBB10 and SL6850 independently perform Mobile radio 
the IF/AF functlon of a low power FM receiver. Each 
circult is a complete IF strip and consists of a p r s  Hand 
amplifier, llmiting amplifier, quadrature detector. FEATURES 
carrier squelch. DC volume control and audio Low Power 
output stage. The SL6640 and SL6650 differ in that 

loads (open collector output). With theSL6640 the ,o,,,,,,, ,,,, IW vonage 2 5V p-p 
PRE-AMP OECOVPLE 

518 .72  each  

Check, money o r d e r .  o r  M a s t e r c a r d ,  and VISA welcome. No persor id l  checks  o r  c e r t l f l p d  
p e r s o n a l  checks  f o r  f u r e l g n  countries a c c e p t e d .  Monry o r d e r  o r  r d s h l e r s  c h e ~ k  I n  U . 8 ,  funds 
o n l y .  L e t t e r s  u t  ~ r e d l t  a r e  n o t  d c c e l ) t d b l e .  Minlil lutll s h ~ p p l n q  1 5  S L 7 0  p l u s  35~/$100.1JO t o r  
i n s u r a n c e .  P l e d s e  a l l o w  e x t r a  s h l p p l r i q  charge5 to t -  hcavy  o r  I I J ~ ~ J  ~ l t i i ~ ~ s .  C.O.O. f o r  ~ d s h  
o n l y .  A l l  p a r t s  r e t u r n e d  due t o  i u s t o l l i e ~ .  e r r o r  o r  d e c l s l o r i  w l l l  be  5 u b ~ e ~ t  t u  d I 5  
r e s t o c k  c h a r g e .  I f  we d r e  o u t  o f  an I tea i  o r d ? r e d ,  we w l l l  t r y  t o  r e p l a c e  I t  w i t h  dn ecludl 
o r  b e t t e r  p a r t  u n l e s s  you  s p e c l f y  n o t  t o ,  o r  we w i l l  b d ~ k  o r d e r  t h e  i t e m ,  o r  r e f u n d  y o u r  
ii ioney. PRICES SUBJECT TO CHANGE VITHOUT NOTICE. Pr7ces  super5ede a l l  previously 
p u b l i s h e d .  Some i t e m 5  o f f e r e d  a r e  l i ~ ~ l i t e d  t o  s m a l l  q u d n t l t l e s  dnd a r e  s u b j e c t  t o  p r l n r  
b a l e .  USE OUR TOLL FREE NUMBER FOR CHARGE ORDERS ONLY FOR $10.00  OR MORE, NOT INCLUDING 
SHIPPING CHARGES. 800-528-3611, Reques ts  f o r  i n f o r m a t ~ o n  must ~ n c l u d e  a  >tamped, s e l  f 
addressed e n v e l o p e .  R e t u r n  a u t h o r l z a t l o n  r e q u ~ r e d  f o r  exchange,  c r e d l t  o r  r e f u n d .  NO 
c l a i i n s  o f  any k i n d  w l l l  be d c c e p t e d  a f t e r  60 ddys .  MINIMUM ORDER 910.00 ,  NOT INCLUDING 
SHIPPING CHARGES. 

E l e c t r o n i c  Empor ium.  Inc. 
1 1614 U e s t  12 th PIoce Tempe. Ar izono 85281 
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2822 North 32nd StreetlUnit #1 800-528 361 1 Phoenix, Arizona 85018 
602-956 - 9423 

RECHARGEABLE GEL-CELL BATTERY R F  COAX RELAY QUANTATRON #SA90P10-1 RF TRANSISTORS 

GLOBE GC280: 2 VOLTS 9 8 AMP HOUR SPDT, 22-30VDC C o i l  $39.99 each 
2N2270 $ . 9 9  
2N2857 1 .55 

2"w X 2"d X 3 . 7 5 "  S5.99ea. 6 /$27 .00  OVERALL SIZE: 2"  X 1.875" X 1.25" 2N2657JAN 2.55 
2N3553 1.57 

RECHARGEABLE GEL-CELL BATTERY RF COAX RELAY: DUAL COILS 26VDC, SPST 2N3553JAN 2.90 
2N3866 1 .30 

GLOBE-UNION tGC126O: lZVoTts  @ 6AMPHOUR NORMALLY CLOSED, BNC CONNECTORS and 6 "  2N3866JAN 2.20 

6"w X 3 .25"d  X3.75"h $29.99 each COAX LEADS. 3 BRANDS AVAILABLE; s t a t e  
M9477 15.00 

ELPOWER G E L - C E L L  #EP680: 6VOLT@8AMPHOUR 1 s t  cho i c e !  FXR ,AMPHENOL ,DANBURY-KNUD 2N3948 5.00 

4 . 2 5 " ~  X2.75"d X 5 .5 "h  58.99each SON. #300-11451 $39.99 each 
2270-3 3 .35 

RECHARGER f o r  above: #BR680 $4.39 each R F  COAX R E L A Y  MINIATURE TYPE w/RG-58 2N3959 3 .85 
2N4072 1 .80 

RECHARGEABLE LEAD-ACID BATTERY PACK MAGNECRAFT # W120X-14: 12" COAX LEADS 2N4427 1 .30 

GATES #0810-0004: 12VOLTS @ 2 . 5  AMPHOUR SPOT, 12VDC C o i l .  C o n s e r v a t i v e l y  r a t e d  
2N4877 1 .OO 
2N4959 2 .30 

4"w X 3"h  X 2 .75 "d  USED/GOOD $7.99 each a t  lOOWatts, Impedence Matched @ 500hm 2N5070 18.40 

VSWR l . i 5 : 1  (max) 0 t o  470MHZ. 
2F15108 4 .00 

RECHARGEABLE NI-CAD BATTERY PACK SIZE: 2 ' L  X 1.75"W X 0 .5"  D $29.99 ea. 107P80334 1 .70 

GENERAL ELECTRIC # 41B001LD 2N5583/2-23031 
RF TRANSMISSION LINE SWITCH SRF5314 4.OC 

14.4 VOLTS @ 1 AMP HOUR USED/GOOD 
TRANSCO #16500NAU12-15:N-CONNECTORS 2N5160 3.45 

3.25"h X 2 . 7 5 " ~  X 2"d $7.99 p e r  pack 2N5179 1 .00  
28VDC COIL $59.99 each 2N5589 8 .65  

RECHARGEABLE NI-CAD BATTERIES OR PACKS 2N5590 10.35 
VACUUM RELAY: JENNINGS #RC5A5101A24 2N5591 13.80 

GE#195194 "Lushape: 3 . 6 v o l t s  @ 100mahr. 
10KV,25KW Inax. (a30MHZ, 19 t o  29VDC 

2N5635 10.95 
GOULD#405408 2X "AA": 2.4V @ 600ma hou r  2h5636 12.00 

COIL, 5 .5 "  x 2 .5 "  x 3 .25"  $139.99 ea. 2N5641 $ 9.20 
GE #193029 1.875"X0.5"d 3.6V @ lOOmahr 2N5643 15.50 
GE #41B901D06 as above b u t  2"x0.56"d  VACUUM KEYING RELAY: iM-7470182 2N5645 13.80 
UNION CARBIDE $193817: 3.6V @225ma hou r  
YOUR CHOICE ----------- $2. gg EACH TYPE STRUTHERS-DuNN, INC, TYPE 7 8 ~ ~ ~ 1 0 1  

2N5946 19.00 
2N5862 57.50 

RF C O A X  R E L A Y  AMPHENOL $300-10099 

SPDT, N-Connectors,  26VDC C o i l  

S I Z E :  3 .5 "  X 2 "  X 2 . 5 "  949.99 each 

RF COAX RELAY AMPHENOL b327-10582-3 

SP3T, BNC Connectors ,  26VDC C o i l  

SIZE: 2 . 5 " ~  X 2 " d  X 2 "h  939.99 each 

RF C O A X  RELAY AMPHENOL #323-11506-3 

SP4T, BNC Connectors ,Four  26VDC C o i l s  

SIZE: 3" X 2" X 1 . 5 "  $59.99 each 

RF COAX RELAY AMPHENOL $300-11732 

SPDT, BNC Connectors ,  26VDC C o i l  

OVERALL SIZE: 1.375" Cube $39.99 each 

RF COAX RELAY:AMPHENOL b360-11891-48 

SPDT, BNC CONNECTORS, l l i v a c  COIL, 

SIZE: 1 .75"d  X 1 .5 "h  X 2 . 4 " ~  $49.99 e a .  

RF COAX RELAY:TRANSCO 61460-20, SPDT 

TYPE SA303-U, N-CONNECTORS, 18 t o  30vdc 

COIL, SIZE: 6 .5"h  X 3 " d i a .  $69.99 each 

28VDC, OVERALL SIZE: 5"X 4"X 3 . 5 "  

$29.99 each 

Gr igsby-Bar ton,  I n c .  #GB-604 
12.5KVDC HIGH VOLTAGE RELAY 
Maximum Con tac t  Ra t i ngs :  12.5KVDC @ 50VA 
C o i l :  24VDC, 230 Ohms 
SPST Con tac t s  
H igh  V o l t a g e  Probe Wi re  l e a d s  

onw i s  8 inches,  one i s  10  inches 
Q u i c k  D i sconnec t  C o i l  Leads 
Relay  S i ze :  34" X 314" X 1 3/4" 

$79.95 each 

DELUXE SOLDER PENCIL IRON HOLDER 

#5DB-205 w i t h  t i p  c l e a n e r  sponge 

$6.99 each 

SOLDER REMOVER TOOL #50B-410 

METAL and TEFLON CONSTUCTION 

a we1 1 eng inee red  t o o l  ! $9.99 eacn 

MINI-NUTDRIVER SET w/TORQUE HANDLE and 

CASE. SIZES: 5/64",3/32",7/64",1/8",5/32 

$4.99 each 

2N5942 40.00 
2N5944 9.20 
2N6080 9 .20  
2N6081 10.35 
2N6082 11.50 
2N6083 13.25 
2N6084 15.00 
2N6095 12.00 
2N6096 15.50 
2N6097 17.25 
2N6368 28.75 
MRF203 30.00 
MRF227 4 .00 
MRF238 12.65 
MRF245/ 
247 34.50 
MRF262 9 .20  
MRF420A 20.00 
MRF421 36.80 
MRF422 41.40 
MRF422A 41.40 
MRF426A 15.50 
MRF449 12.65 
MRF449A 12.65 
MRF450 13.80 
MRF452 POR 
MRF453-185- 
282 17.25 
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VARADYNE CHIP RESISTORS 
.05" x -05" 75MW 10% 
12 Ohm 680 Ohm 
15 Ohm 820 Ohm 
27 Ohm 1 K 99Q each 
82 Ohm 1.2K o r  10/$7 .SO 
100 Ohm 2.2K 
120 Ohm 3.3K 
150 Ohm 3.9K 
180 Ohm 4.7K 
390 Ohm 5.6K 
550 Ohm 

Vo l tage  C o n t r o l l e d  M u l t i v i b r a t o r  
MC4024P $4.49 

Phase D e t e c t o r  
MC4044P $4.49 

TO-3 Case T r a n s i s t o r  P a i r  
NPN & ?NP Audio Power 
2N3055 & 2N2955 $2 .00 /pa i r  

DPDT S ? i d  Sw i t ch  5/$1.00 

Black Rubber Feet 
1" round x 4 "  h i g h  12/$1.00 

Spacer Assortment o f  a l l  Types 
25/$1 - 0 0  

V a r i a b l e  Trin1111er Cap Spec ia l  
o f  a1 1 Types 20/$2.00 

USED FEATHER FANS 115VAC 
7" Dia .  x 24" $7.99 

BUSS #2448 Fuse Holde r  f o r  3AG 
t y p e  4/91 .OO 

F e r r i t e  Beads 12/794 

MALLORY SOLID STATE SIGNAL 
SONALERTS#SC-12 Freq.(HZ) 
3500, 5 0 f t .  DC v o l t a g e  min. 8, 
max. 15, o p e r a t i n g  c u r r e n t  i n  MA, 
14MAQ12VDC, 12VDC sound o u t p u t  70dbB 

$2.00 each 

ANANTEK HIGH PERFORMANCE THIN 
FILM AMP. 5-jOOMHZ, 14db ga in ,  
5.5db n o i s e ,  +7dnm power o u t -  
Put $65.00 each 

MOTOROLA MMT70 MICRO MINIATURE 
NPN SILICON ANNULAR TRANSISTOR 
Designed f o r  1 ow-1 eve1 , 1 ow 
no ise  amps. VCEO 20, VCB 25, 
VEB 5, I C  50MA PD 225MW .89 ea. 

SEALECTRO MINIATURE RF CONNECTOR 
#50-607-9703-31 SMA MALE $3.99 ea. 

OMNI SPECTRA RF CONNECTOR 
#2007-7985-00 OSM 221-2 
SMA MALE $3.99 each 

INSTRUMENT CASE w i t h  FOAM INSERTS 

removable f o r  easy customized t o o l  

o r  i ns t rumen t  placement $29.99 ea. 

ATTACHE TOOL CASE 

14"w X 9 .5"d X 3 .5 "h  929.99 each 

METAL FRAME w i t h  KEYLOCKS 

HIGH VOLTAGE CAPS 

$4W308T, made by  
CSI, 53.3mfd @ 3.5KVDC 
S ize :  10f"  h i g h  x 
3 518'' deep x 44" 
$29.99 o r  41875.00 

#225-450 by CDE 
225mfd @ 450VDC, 
S ize :  3 518" l o n g  X 
13" round $5.99 

Sprague #68D10688/ 
53050-28, 15Gmfd @ 
450VDC, S ize :  3 1 /8"  
h i g h  x 14" round 
$5.99 each 

Unicon #CE02A, 22mfd 
@ SOOVDC, S ize :  1 5/8" 
l o n g  x 718" round 
994 each 

Ma1 1 o r y  #01069S, 
lOOmfd @ 350VDC 
S ize :  3" l o n g  x 
1 1/16" round $1.99 

Ma1 l o r y  $11 3B0919-PI 
25mfd @ 200VDC 
S ize :  1 3/16" x 
5/8" 69& each 

Ma1 l o r y  $1 13A3243P3 
20mfd @ 350VDC 
S ize :  1 518" x 5/8" 
794 each 

Ma1 1 o r y  $20-95455 
550mfd @ 175VDC 
Size:  2 3/16" h i g h  x 
2 1/16" $1.99 each 

Sprague XTVA-1627 
250mfd @ 350VDC 
3 5/8" l o n g  x 1 3/8" 
$4.99 each 

Sprague #118P10506S4 
l m f d  @ 600VDC. S ize :  
1 14/16 l o n g  x 1"  
$1.99 each 

E l  ec t rocube  
t230DlE405, 4mfd @ 
400VDC, s i ze :  1 14/16 
x 618" $1.99 each 

Nippon #CE-04W 
200VDC @ 47mfd, 
Size: 3/16 loll6 
2/$1 .oo 

E l  pac #CQ20A104, 
31 @ 2KV, S ize:  3 3/16 
l o n g  x 618" h i g h  x 
5/16 $2.99 each 

CA3049 DUAL INDEPENDENT 
AMPLIFIER $2.70 

CA3085 VOLTAGE REGULATOR 
$1.10, A-$1.50, B-$6.52 

RF TRANSISTORS c o n ' t .  
MRF454 $19.90 
MRF454A 19.90 
MRF455 16.00 
MRF455A 16.00 
MRF472 1.00 
MRF474 POR 
MRF475 2.90 
MRF476 2.00 
MRF477 11.50 
MRF479 6.90 
MRF492/ 
RFl lO 23.00 
MRF502 1.04 
MRF517/ 
A210 2.00 
MRF660 8.05 
MRF604 2.07 
MRF629 3.47 
MRF901/ 
2SC2369K 1.85 
MRF911 2.50 
MRF8004/SS2548/ 
1oI513 2.10 
MFR!?O/ 
135- 1 1 .30 
BRF91 1.00 
BFW92 1.50 
BiW92A 2.00 
MWAllO 7.45 
MWA120 7.80 
MWA130 8.25 
MWA210 7.80 
MWA220 8.25 
MWA230 8.65 
MWA310 8.25 
MWA320 5.65 
MWA330 9.50 

CERAMiC COIL FORMS 
#LST-Hl530-2020-02 
1-20MHz, r e d  s l u g  
3 /16"d x 5/16" w i t h  
te rm i  na l s $1.99 each 

#PLST-1/530-1532-01 
.2-1.5MHz, 3/16"d x 
5/16" w i t h  t e r m i n a l s  
$1.99 each 

#PLS5-B-2 C y l . ,  
red  ' l u g  

3/R" d i a .  x 518" 
w i t h  t e r m i n a l s  and 
hardware $1.99 each 

LST-1 ye1 low s l u g  
.2-1 .5MHz $1.99 each 

CERAMIC COIL FORMS 
NO SLUG 
#1 3/16" x 5 /8"  
#2 3/16" x 112" 
#3 114" x 5 /8"  
#4 318" x 1"  
65 / 2  X I ) "  
$1 . O O  each o r  
10/$7.50 

PAPER COIL FORMS 
WITH SLUG 
#6 1/4"  x 3/4" 
#7 3/16" x 3/4" 
$1 .OO each o r  
10/$7.50 

TUBES 
2E26 $ 5.69 
6GH8A 2.00 
12BY7AI12BV71 
12DQ7 4.00 
6KD6 6.00 
6LF616MH6 6.00 
6BR4C 6.00 
6MJ6/6LQ6/ 
6JE6C 6.00 
866A 7.50 
8072 65.00 
6146 $ 7.00 
614681 
8298A 8.50 
6 146W 14.00 
6360 5.00 
57281 
T160L 49.00 
811A 10.00 
807 5.00 
8908 12.00 
8950 12.00 
6939 15.00 
3-5002 102 .OO 
4-4OOC/ 
6775 95.00 
4-400Al 
8432 90.00 
4CX250B/ 
7203 45.00 
4CX250R/ 
75801.1 69.00 
7609 30.00 
4X150A/ 
7034 30.00 
4CX250K/ 
8245 75.00 
5894A 50.00 
58948 60.00 
8403 50.00 
4667A 300.00 
DODO06 500.00 
6442 40.00 
2M1263 10.00 
2M1172 1 C .  00 
2,41262 10.00 
7289 25.99 
2C39A 19.99 
6550A 10.00 
S o l i d  S t a t e  Tube 
3B28/866/866A 
#IN2637 rep laces  
t h e  above tubes 
$ 9 .99  

10 WATT ZENEKS . - -- -- -- 

l o ~  36V 
11V 3 9V 
14V 40V 
20V 56V 
'I?V bZV 
24V 61iV 
27V 1 OOV 
33v 

996 o r  10/$7.50 

LITRONIX BAR GRAPHS 
#REG- 1000 
10 i n d i v i d u a l  r e d  
LED'S r e c t a n g u l a r  
d i s p l a y  i n  one case 
7.7 VOC 8 25mA/per 
segment. S i ze :  
.36OUd x .99"1 x 
.250" H $1.99 each 



I C  SOCKETS 

S o l d e r  T a i l  

8 p i n  $0.10 
14 p i n  0.10 
16 p i n  0.14 
18 p i n  0.18 
20 p i n  0.20 
24 p i n  0.22 
28 p i n  0.25 
40 p i n  0.50 

Wire Wrap 
10 p i n  0.35 
14 p i n  0.35 
16 p i n  0.40 
40 p i n  0.99 

TRANSFORMERS 
T r i a d  F-23u P r i .  i l5VAC 
o u t p u t  l0VCT @ 7AMFS 
9 l 2 . 9 9  each 

Prem E n t e r p r i s e s ,  I n c .  
#2ELZAOlAAZAAAA Pr i . l20VAC 
o u t p u t  24VCT @ 230MA 
$2.99 each 

HATA #30468359 P r i .  117VAC 
o u t p u t  25.2VCT @ 2.8AMPS 
$6.99 each 

E l e c t r o  Vector  #E30554 
i n p u t  llOVAC 
o u t p u t  duai 17V @ lAmp 
55.98 each 

Scho t t  Corp. #67069940 
i n p u t  117VAC 
o u t p u t  26.8VCT @ 660MA 

26.8VCT @ 660MA 
21.7VCT @ 1.1AMP 

$9.99 each 

SOLID CARBIDE DRILL BITS 
New & Used i n  Mixed Sizes 
$1.25 each o r  10/$9.00 

TLO-22CP LOW POWER DUAL 
AMPLIFIER $1.40 each 

TLO-71CP BIFET LOW NOISE 
AMPLIFIER .58 each 

TLO-61CP BIFET LOW 
POWER AMPLIFIER 726 ea 

CA3026 DUAL INDEPENDENT 
AMPLIFIER $1.04 

CA3028A CASCADE DC TO 
500 MHz AMP $1.42 

CA3036 DUAL DARLINGTON 
AMPS. MATCHED LOW NOISE 
TRANSISTORS $3.38 

CALEX P21-30 SUBMINIATURE 
POWER SUPPLY, t5VOC @ 
300mA 1 I, 1 i n e  and load  
(NL t o  FL) r e g u l a t i o n  .1 
no ise  and r i p p l e  2mVrrns 
temperature c o e f f i c i e n t  
,024 $12.99 each 

1 RELAYS 

1 AMF/Potter B r u m f i e l d  
#R10-E4274-1, 1.8K Ohms 
24VDC C o i l ,  4PDT $2.99 

G o u l d I A l l  i e d  C o n t r o l  
#T351 -CC-CC, 24VDC Coi 1 , 
680 Ohms, 4PDT $2.99 

Omroh tMHE202PG-UA 
12VDC Coi  1 , 200 Ohm 
DPDT, $2.99 each 

RBM C o n t r o l s  $93- 
507030-1 33006, SPDT 
12VDC, 100 Ohm C o i l ,  
Cont. Ra t ing ,  10  Amp, 
125VAC $4.99 each 

RBM C o n t r o l s  #93- 
599606-1 4628A, l2VDC 
C o i l .  12 Amp DC C o i l .  
DPDT, good f o r  RF 
Sw i t ch ing ,  5 Amps; Cont. 
r a t i n g  @ 125VAC. wet and 
d r y  r e l a y  $9.99 each 

SN75427 DISPLAY DRIVER 
V a r i a b l e  t o  90VDC 
$1 .OO each 

TELONIC ATTENUATOR 
Model TCSOA, hds BNC 
connectors  f o r  i n p u t  
and o u t p u t ,  0 - l db ,  
50 Ohm $39.99 each 

50 WATT ZENERS 
IN33138 5% 14VDC $3.00 
IN4554 10% 6-2VDC 2.50 

ALCO PROXIMITY SWITCH 
Magnet ic  Reed Type #RS-11 
N.O. Type $2.59 each 

ERIE #1270-016 
5000pf, 200VDC MINI 
ATTENUATION; 50 db 
f rom 200 MHz t o  lOGHz 
$2.01 each 

ERIE #I201 -785 
5500pf, 200VDC M i n i  
ATTENUATION; 50 db 
f rom 100 MHz t o  10 GHz 
$2.01 each 

RFI POWER FILTERS 
Corcom #F2543 
1 Amp, 1 1 5V/250VAC, 
50-400Hz $2.99 

C o r n e l l  D u b i l i e r  E l e c t .  
NF10870-8, 10 Amps @ 
250VAC, 50/60Hz, has 
3 connector  16AWG 
power co rd  15 f t .  long  
$9.99 each 

Corcom #10B4, 1 OAmps 
115/250VAC, 50-400Hz 
$4.99 each 

R.J.600D10, 10 Amps, 
125/250VAC, 50-400Hz 
$4.99 each 

VARIABLE CAPACITORS 
ARC0 423 7 t o  lOOpf $1 .OO each o r  2/$1.7 . . 
ARCO PC464 25 t o  280pf $1 .OO each 
ARCO PC402 1.5  t o  20pf $1 .OO each o r  2181.5 
COlOZZI10 .7 t o  46pf  79d each o r  2/$1.10 
DUAL VARIABLE CAPACITORS 
075-014 At1 as 1.2-30pf & 1.2-15pf $3.99 
075-013 A t l a s  9-55pf Dual $3.99 
075-012 A t l a s  1 . l - 1 7 5 p f  Dual $3.99 
VARIABLE CAPACITORS 
272-1341 Archer  8.5-365pf $1.99 
ARC0 464X 25-280pf $1 .OO 
2222-804-20024 2-25pf  2/$1 .oo 

VARIABLE CAPACITORS 

Cambion $563-7625-03 1.5 t o  30 pf 
f "  s h a f t ,  f" l o n g  

#80-526/ARCO 425 30-1 50pf  
#B7311369/CVR-5 390-580pf 
$80-527/ARCO 426 45-232pf 
#80-528/ARCO 406 20-115pf 
#80-529/ARCO 462 5-90pf 
#E281001 /ARC0 421 2-25pf 
#2222-808-44121 2.1-120pf 
#3L1-0003-03 .9-50pf 
#3731259-228 .9-50pf 

$1 .OO each o r  2/$1 .50 

VARIABLE CAPACITORS 
Dyna t ron ics  1.5 t o  23 p f  2/$1.00 
Swallow CV05E300 2.3 t o  27pf 

2/91 .OO 

FULL WAVE BRIDGES - 
W04M 1 Arnp 50V $ .89 
5P4 2 Amp 200V .99 
MDA204/3N256 2 Amp 400V 1.28 
SS-4 4 Amp 600V 1.39 
VH148 6 Amp l O O V  1.00 
75KBP005 1.5 Amp 50V 
MDAlOOA/3N246 1 Amp 50V 
MDA104A/3N249 1 Amp 400V 
VJ648X 10 Amp 600V 
MDA990-6 27 Amp 600V 
506342 25 Amp 200V 
MDA80 1 8 Amp l O O V  

2 t o  19.3 
2.2 t o  21.9 
2.4 t o  24.5 
1.3 t o  5.4 
1.7 t o  l l p f  
1.5 t o  15pf  
2.5 t o  40pf  
2.5 t o  9 p f  

I 

C EEI?M LC-FI LTJJS 

Murd t a CF260H 
" CFU455HZ 
" SFB455D 
" SFD455D 
" SFE10.7MA Ordnge 
" CFW455Hb 
" SFE10.7MA Black 
" SFE10.7MA Red 
" SFE10.7MA B lue  
" 5FE10.7MA White 

M d ~ 5 u s h i  r a  EFC-L455K41B 
EFC-L455K4OB2 

PTI 1479 10.7MHz 

E. F. JOHNSON 
Y189-504-5 1.5 t o  11.6 
#189-505-5 1.7 t o  14.1 

Any number 
$1 .OO each 
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SILICON POWER TRANSISTORS *Germanium, " D a r l i n g t o n  

VCEO 1500 5 Amps NPN TO-3 BU208 
VCEO 300 

63.00 
2N6307 5Amps NPN TO-3 2.00 
MJ10005 VCEO 400 20 Amps NPN TO-3 6.00 
MJ 10006 VCEO 350 10 Amps NPN TO-3 4.00 
2N3055 VCEO 60 15 Amps NPN TO-3 .88 
2N5886 VCEO 80 25 Amps NPN TO-3 

12 Amps NPN TO-3 
'.OO 

2N6569 VCEO 40 
MJ2955 VCEO 60 15 Anips PNP TO-3 
2N5302 VCEO 60 30 Amps NPN TO-3 2.00 
MJ15012 VCEO 250 10 Amps PNP TO-3 2.00 
2N5880 VCEO 80 15 Amps PNP TO-3 

"MJ4000 VCEO 60 4 Amps NPN TO-3 
2 '00  

6 Ainps NPN TO-3 
'.OO 

2N5240 V C E O  350 ' 2 5  
2N4898 VCEO 40 4 Anips PNP TO-66 ' 2 5  

4 Amps NPN TO-66 2N3767 VCEO 80 ' 2 5  
2N3713 VCEO 80 10 Amps NPN TO-3 
2N3235 VCEO 60 7.5 Amps NPN TO-3 
2N3442 VCEO 140 10 Amps NPN TO-3 ' 2 5  

TO-126 "MJE801 VCEO 80 4 Amps NPN 
15 Anips NPN TO-220 

'0° 
1N64H7 VCEO 60 

PNP TO-3 
leoO 

*ZN30 1 VCU 40 2.00 
*;.'N2140 VCB 75 2 Amps PNP TO-3 3 ' 9 9  
*2N1099 VCB 80 12 Amps PNP TO-36 

12 Amps NPN TO-3 
6 ' 9 9  

" PDM10K40/2N6057 VCEO 60 .50 
"POM1?K40/MJ1000 VCEO 60 8 Amps NPN TO-3 . O O  
MJE2955T VCEO 60 10 Anips PNP TO-220 .75 

LINEAR I C 1 s  DESCRIPTION -- PRICE 

LM301 H $1.25 
LM301 N Opera t iona l  Amp1 i f i e r  .48 
LM324N Quad Opera t iona l  A m p l i f i e r  .71 
LM555N Timer .33 
LM339 Quad Comparator .69 
LM380N- 14 Audio Power Amp1 if i e r  .90 
LM1889N TV Video Modu la to r  3.20 
CA3028H/AH Communications A m p l i f i e r  1.90 
CA3130E FET Opera t iona l  A m p l i f i e r  1.50 
MC1306P 5 Watt Audio A m p l i f i e r  1.30 
MC1330P Low Level  Video D e t e c t o r  1.50 
MC1350P I F  A m p l i f i e r  .98 
MC1358P I F  A m p l i f i e r ,  L i m i t e r ,  FM 

De tec to r ,  Audio D r i v e r ,  
E l e c t r o n i c  A t t e n u a t o r  1.30 

MC1590G RF/IF Audio A m p l i f i e r  6.99 
MC1723P Vol tage Regu la to r  .62 
MC1709P 14 p i n  Opera t iona l  A m p l i f i e r  .73 
MC1741 8 p i n  Opera t iona l  A m p l i f i e r  .56 
MC3302P Quad Comparator .80 
D d t a  Sheets  Available, price per page .25 

VOLTAGE REGULATORS --- DESCRIPTION PRICE 

7805/LM340T-5 5 V o l t  $ .69 
7808/LM340T-8 8 V o l t  .69 
781?/LM340T- 12 12 V o l t  .69 
781 5/LM340T-15 15 V o l t  .69 
78M05 I Amp, 5 v o l t  .33 
791 2/LM320T-12 12 V o l t  .79 
79M05 : Amp, 5 ' l c l  t .49 
79M15 Amp, 15 V o l t  .49 
LM317T 1.2 t o  37 V o l t  2.00 
78H05CK 5 Amp, 5 V o l t  5.00 
78H12CK 5 Amp, I ?  V o l t  6 .OO 

CA3130T WIDEBAND CA3094HN/EH10368 
PROGRAMMABLE POWER AMPLIFIER $2.65 
SWITCH AMP $1.10 

CA3130E Wideband 
CA3100T BIMOS, CMOS, A m p l i f i e r  $1.50 
and BIPOLAR dev ices on 
smae c h i p  a m p l i f i e r  CA3160T Wideband 
$1 . O O  each A m p l i f i e r  $1.50 

EIMAC 4CW800F 
VHF/UHF POWER TUBE 800 Watts 
P l a t e  D i s s i p a t i o n .  Heater  26.5V 
@ 1 .lAmps Tube comes w i t h  
bypass c a p a c i t o r  $309.99 

MALLORY CAPACITORS Type CGX 
500 mfd @ 250 VDC 
1 3/81° x 3 1 /8"  $3.00 each 
740 mfd @ 250 VDC 
1 3/8" x 4 1 /8 "  $3.00 each 

RF POWER TRANSISTORS 
MRF449/A 30Watts 3-30MHz $1 2.65 
MRF450/A 50 3-30 14.37 
MRF454/A 100 3- 30 20.12 
MRF455/A 80 3- 30 16.00 
2N5589 3 175 9.77 
2N5590 10 175 10.92 
2N5591 25 175 13.80 
2N6081 15 175 12.07 
2N6080 4 175 10.35 
2N6082 25 175 12.65 
2N6083 175 13.00 
2N6084 40 175 15.00 
MRF901 Microwave RF Amp 2.00 
BFR91 Microwave RF Amp 1 .OO 

FERRITE CORES AND BEADS 

T20-12 33C T37-6 334 
T25-6 336 T37-10 33C 
T30-2 33C T44-6 506 
T30-6 33C T50-6 75C 
T30-12 33& T50-10 75C 
T37-2 33C T106-26 1.60 

$43 S h i e l d  Beads 4/81 .OO 
$61 T o r o i d  3/81 .OO 
$43 Bal  um l O / $ l  .OO 
#61 Balum 8/81 .OO 
#61 Balum 6/$1 .OO 
$61 Balum 4/$1 .OO 
#61 Beads l O / $ l  .OO 

F e r r i t e  Rod a "  x 71" $3.99 
F e r r i t e  Beads 1/8"  l o n g  12/81 .OO 

I( 3/8" l o n g  6/$1 .OO 

" 1 /16"  l o n g  12/$1 .OO 

HIGH VOLTAGE DIODES 

Shinderger  #SRMD-5H DUAL 
5000V per  d iode,  350mA per  
d iode,  P.F. I C  2 Amps, 
S ize :  3:" l o n g  x 3 /8"  h igh ,  
3/8" deep $6.99 each 

$408C883P001 , 1 f "  1 ong x 
1 1/16" h igh ,  x 5/16" 
10,000Vol t s  , 1 .5  Amps 
$7.93 each 

RCC #HVK 1153, 2 1 /8 "  l ong ,  
a'', 20,000 v o l t s ,  25mA 
$2.00 each 

Semtec h , #SMFR20K, 1 f " 1 ong 
x a " ,  20,000 v o l t s ,  20mA 
$4.00 each 

Varo 14" l ong .  x a "  
10,000 v o l t s  @ 20mA $1 .OO each 

Varo VF5-15X, 5mA @ 15,000Vol t s  
2 "  x f" $1.99 each 



TV COAX CONNECTOR FOR 
CABLE F-59 166 each 

TV COAX CABLE CONNECTOR 
F-61 256 each 

NEC NTM2222A 
General  Purpose Amp1 i f i e r  
H igh  Speed S w i t c h i n g  
NPN S i l i c o n  E p i t a x i a l  
T r a n s i s t o r  " M i n i  Mold  
Type" 796 each 

TRW TO1021 J 
M o n o l i t h i c  V ideo 
A/D Conve r te r ,  4 B i t  
30 MSPS $30.00 each 

MINI-CIRCUIT RF 
TRANSFORMERS 
Model T16-1, 
R a t i o  16 Ohms, 
Frequency .3-120MHz 
$3.95 
Model TM05-T1 
R a t i o  5 Ohms 
Frequency .3-300MHz 
$6.75 

MICROWAVE ASSOCIATES I n c .  
#MA4815 P o i n t  Con tac t  
D e t e c t o r  D iode  
T e s t  Freq.  .1GHz 
$1 - 0 0  each 

MOTOROLA MOC3011 
TRIAC DRIVER OUTPUT 
LED T r i g g e r  C u r r e n t  5m4 
Peak B l o c k i n g  V o l t a g e  25C 
I s o l a t i o n  V o l t a g e  7500 V 
$1 - 0 0  each 

GLOBE RECHARGEABLE GEL/ 
CELL BATTERY #GC-280 
2VDC @ 8 Amp-HR 
3 3/4" h i g h  x 2" deep 
2" w ide  NEW $5.99 each 
o r  6/$27.00 
#GC1260 l2VDC @ 6 Amp- 
HR. 3 3/4" h i g h  x 
3 1/8" deep x 6"  l o n g  
NEW $29.99 each 

POTTER & BRUMFIELD/AMF 
RELAY DPDT #KUPllD15 
28VOC C o i l ,  : HP @ 
120VAC o r  10 Amps @ 
240 VAC. S i z e :  1:" x 
2" x 1 :" $3.99 each 

SIGMA STEPPING MOTOR 
d20-22350-28175 
( S i n l i l a r  t o  S u p e r i o r  
MO-62 S e r i e s )  4VDC, 
1 . 8 '  or. 9 "  pe r  s t e p .  
1?0oz / i n .  h o l d i n g  
t o r q u e .  $31.99 edch 

NEW AVANTEK GPU403 
Generdl  Purpose T h i n -  
F i l n ~  Anlpl i f i e r  Modules 
t o u r  pin, TO-12 packd!:e 
5-40OMtiz, 9db gd i n ,  
7 .5db n o i s e ,  20db 
r e v e r s e  i s o l d t i o n ,  
+15db power o u t p u t  
$19.50 edch 

HIGH CURRENT 25Amp SCR 
S t u d  Mount 
2N687 400 V o l t  $2.97 
2N690 600 V o l t  $5.03 

NARROW BAND CRYSTAL 
FILTER 10.7MHz 
Bandwid th  13KHz 
Type 2194F 
I n p u t  & O u t p u t  
Impedance 2700 Ohms 
$4.95 each 

NEW & USED FANS 
1 15VAC 
4:" x I ; "  deep 
USED $5.00 NEW $10.00 
3 /8"  x 3 /8"  x l!" 
USED $7.00 NEW $12.00 

SUBMINIATURE POWER SUPPLY 
5VDC @ 30On1A 
2:" x 1 3 / 4 "  x 1" 
NEW $8.00 
USED/TESTED $5.00 

NICKEL CADMIUM 12VDC 
PACK, GE AA BATTERIES 
Pack o f  Ten 
USED, AS I S  $3.99/pack 

NICKEL CADMIUM 12VDC 
PACK, GE C CELLS 
Pack o f  Ten 
USED, AS I S  $5.99/pack 

HIGH SPEED SWITCHING 
DIODES lN4148/1N914 
30/'$1.00 o r  120/$3.00 

VOLTAGE RCGULATORS 
78L05 +5V 4/81 .riO 
78L09 +9V 4 /$1 .00  
78L15 +15V 4 / 5 1  . O O  
790i/LM320T-5 

-5V CJ 1 Aiilu 90.69 

STUD TRIACS T6410N 
I ~ ~ I I I I I ~ ~  . 800VURM 
Case 263-03 $8.99 each 

MAC15-6 TRIAC 
1 SAn~ps, 400V, TO-220 
5 1  . % Y  edch 

MCR3918-3 SCR STUD 
20Amps, 1 OOV 
Cdse 175-02 83.00 

GENERAL INSTRUMENTS 
SOLID STATE 6X4/XlDR same 
as 6x4 t u b e  b u t  s o l i d  
s t a t e  $3.99 each 

NAGNECRAFT W120X-14 SPOT 
i2VOC C o i l  0 100 Ohms 
100 Wat ts  @ 0-470 MHz 
$29.24 each 

NEC NTM2222A same as MOT 
MMBT2222 s o t  SMALL SIGNAL 
TRANSISTOR NPN ICE030 
VEBO 5 100-300HFE 
200MHZ m in .  . 79  each 

TEN TURN POTS removed 
f r o m  equipment.  A "  s h d f t  
4 "  l o n g .  Model 534 S p e c t r o l  
2K Ohin, t y p e  840012053A 
TRW 2K Ohm, model 534 
Spectt-01 1 OOK Ohm, t y p e  
8400/2053A TRW 1 OOK Oh~n 
$2.99 each 

TURNS COUNTING DIALS FOK 
TEN TURN POTS $4.99 each 

E. F. JOHNSON TUBE SOCKETS 
AND CAPS #124-0311-100 f o r  
8072, e t c .  $10.99 
#124-0113-001 and 11 24- 
01 13-021 capdc i  t o r s  f o r  
socke ts  H124-0107-001 
$12.99 each 

UNOELCO CAPS 
8.2pf 36pf  
1 Opf 47p f  
12p f  160pf 
13pf 24Opf 
20p f  360pf  
24pf 47Upf 
33pf 1 OOOpf 

1-10 $1.00 
11 -50 . 90 
51-UP .8U 

MOTOROLA TIP49, 1A11lp NPN 
POWER TRANSISTOR 
VCEO 350, VCB 45U. VEB 5 ,  
40 Wa t t s ,  TO-220 Case 
$1 .OO each o r  10/$7.50 

MOTOROLA RF AMP MODULES 
#544-4001-002 S i m i l a r  t o  
MHW401-2. 1.5Watts o u t -  
pu t .  .047 Wat ts  i n p u t  
440-512MHz, 15 db g a i n ,  
7.5VDC $39.99 

1 .1  VDC Lamps 
3/16" round 10/$1 .00 

MOTOROLA SP1801 PNP 
POWER TRANSISTOR 
SP1801 w i l l  r e p l a c e  t h e  
2N1529 t h r u  2N1560 i n  
most c a s e s .  $4.95 each 
o r  10/$35.00 

BUSS FUSE #HE035 
35Amp $ 1 . 9 9 e a c h  

MR510 RECTIFIER 
3 Amp @ 1000 Vol  t 
10/$2.99 100/$20.00 

1000/$150.00 

1 WATT ZENER DIODES 
IN4728 t h r u  IN4755 
Four  o f  same p a r t  number 

$1 .oo--- 

TO-220 MICA INSULATOR 
20/$1 .oo 

HIGH VOLTAGE CAPACITOR 
P l d s t i c  C a p a c i t o r s  I n c .  
#LQ80-203YA 
.02 mfd B 8000 VDC 
S i z e 2 f "  x 1 "  8 2 . 9 9 e a c h  

HYDRO-PRODUCTS MODEL RP-5 
UNDERWATER PAN & T ILT UNIT 
FEATURES : 
P o s i t i o n s  pay load  t o  v i r -  
t u a l l y  any az imo th  and 
e l e v a t i o n  ang le  d e s i r e d  
by s u r f a c e  o p e r a t o r .  
Develops 30 foot -pounds 
o f  t o r q u e  f o r  overcoming 
c u r r e n t  f o r c e  and un- 
ba lanced 1 oads. 
Accomodates pay loads up 
t p  90KG (2001 bs .) . 
Operates t o  depths  o f  
12,2000M (40,000 f t . )  f o r  
use i n  any underwater  app- 
l i c a t i o n s .  $2500.00ea. 

MOTOROLA MD3251 DUAL 
PNP SILICOK ANNULAR 
TRANSISTOR. E s p e c i a l l y  
des igned f o r  l o w - l e v e l  , 
d i f f e r e n t i a l  a m p l i f i e r s  
VCB 50, VCEO 40, VEB 5, 
I C  50madc, 250MHz, 
Case 32 $4.50 each 

2FiZ894 PNP SILICON 
ANNULAR TRANSISTOR, 
des igned f o r  l o w - l e v e l  , 
h i g h  speed s w i t c h i n g ,  
VCEO 12, V C R  12, VEB 4,  
I C  200nlddC, 4i)OMHz, 
TO-18 Case, House 
numbered 51 . O O  each 

NOTOROLA MMT3960 MICRO 
MINIATURE NPN SILICON 
TRANS I STOR, h i gh speed 
s w i t c h i n g ,  des igned f o r  
h i g h  speed c u r r e n t  mode 
l o g i c  s w i t c h i n g ,  
2250MHz, VCEO 8, VCB 15, 
VEB 3 '$3.00 each 

TO-3 GERMANIUM POWER 
TRANSISTOR IR TR-OlA/ 
ECG121 , PNP, AF power 
o u t p u t ,  BVCBO 65, 
BVCEO 45, BVEBO 15, 
I C  Amps 7 .0 ,  30 Wat t s ,  
22KHz, g a i n  80 $1.29 each 

EIMAC PLATE CAPS 
HR Type, 1 "  h i g h  X 
11/16" d iame te r ,  3/8" I . D .  
$6.99 each o r  10/$40.00 

CERAMIC PLATE CAPS 
Type 1 f o r  3 /8"  p l a t e  cap 
Type 2 f o r  5/8" p l a t e  cap 
$1.99 each 

CA3183E NPN GENERAL 
PURPOSE LINEAR ARRAYS 
$1.35 

MICROWAVE ASSOCIATES. INC. 
MA41482 & MA41482R, 1 OGHz 
t o  12GHz, s i m i l a r  t o  
IN21 & IN23 s e r i e s  
$2.99 each 

I 
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DIPPED SILVER MICA CAPACITORS 

l p f  300V $ .32 56pf 300V 
5pf 500V .32 7 5 p f  300V 

1 Opf 500V .32 75pf 500V 
12pf 300V .34 lOOpf 500V 

300V $ .49 
300V .52 
300V .59 

50V .68 
300V .70 
500V .59 
500V .70 
1 OOV .70 
500V .70 
500V 1 . O O  
500V 1 .50 
500V 2.00 
500V 2.00 
500V 2.00 

12pf 500V .40 
15p f  300V .34 
15pf 500V .40 
18pf 500V .34 
20p f  500V .26 
22pf 500V .26 

HIGH VOLTAGE DOOR KNOB CAPACITORS 

l p f  5KV $ 4.99 1 4 p f  5KV 
2 p f  5KV 4.99 25pf 5KV 

2.5KV $ 4.99 
2.5KV 4.99 

15KV 6.99 
20KV 10.99 
15KV 8.99 DUAL 

6KV 3.99 
15KV 8.99 
30KV 30.00 

3.5KV 6.99 
40KV 40.00 

3KV 9.99 

1 l O p f  500V 
120p f  500V 
150p f  300V 
180p f  500V 
200pf  500V 
210pf  500V 

3 p f  5KV 4.99 
4 p f  5KV 4.99 

4 . 5 p f  5KV 4.99 
5 p f  5KV 4.99 
6 p f  5KV 4.99 
711f 5KV 4.99 

GIMMICK CAPACITORS ( A x i a l  Lead C o n s t r u c t i o n  l i k e  a R e s i s t o r )  . 

24p f  500V .26 250p f  500V 
30p f  300V .26 330p f  500V 
33pf 500V .26 360pf 300V 
39p f  500V .34 470pf 500V 
47pf 500V .28 500pf 500V 

25p f  7.5KV 
40p f  5KV 
40p f  7.5KV 
4 5 p f  5KV 
47p f  4KV 
50p f  7.5KV 

0 .  2 p f  500WVDC 1 . 2 p f  500WVDC 3.9pf  SOOWVDC 
0.16pf , 1 .5p f  I 1  4.7pf I ,  

0 .22p f  2.4pf ,I 1 OOpf I, 

0 .33p f  3.3pf I 1  2200pf ,I 

0 . 6 8 p f  I 3.6pf I t  4/81 .OO 

8 p f  5KV 4.99 6 0 p f  4KV 
9 p f  5KV 4.99 6 7 p f  7.5KV 

l O p f  5KV 4.99 8 0 p f  5KV 
l O p f  7.5KV 5.99 lOOpf 5KV 

SILICON RECTIFIERS - - - - -. - F d i r c h i l d  VHF, 300MHz 
1 N4001 50V 1 Amp P r e s c d l e r  w i t h  a 2N5179 
IN4002 lOOV lAmp $5.69 
IN4003 200V 1 Amp 
IN4004 400V lAmp F e r r a n t i  AM R e c e i v e r  I C  
IN4005 500V lAmp 2N414 $2.00 
IN4006 800V :Amp 
IN4007 lOOOV 1 Amp C-MOS B i t  Rate  Genera to r  

10  f o r  $1.00 MC14411P $10.00 

TO-3 T r a n s i s t o r  Sockets  C-MOS Touchtone Encoder 
A must  f o r  t h e  TO-3 MC14410P $10.00 
power t r a n s i s t o r  o r  
I I 5 /$1 .OO TO-3 Mica T n s u l a t o r  10/$1 .OO 

FIELD EFFECT TRANSISTORS 
2N4416 400MHz 10  TPS. d b .  min.  4 MF/db $1.50 
MPFlO2 100 .40 
3~ 140- 200 16 4.5 2.80 
3N128 200 H igh  power g a i n  18db 

200 Low n o i s e  f i g u r e  4db 2.05 
5-310 VHF/UHF A m p l i f i e r ,  m i x e r ,  & o s c i l l a t o r  .75 
406 7 3 Dual Gate 1.40 

Rockwel l  I n t e r n a t i o n a l /  EF JOHNSON COMPANY TUBE SOCKET 

C o l l i n s  #526-9963-040 #123-0210-001 

D i s c - W i r e  Mechan ica l  F i l t e r  Used f o r  811A, 8005, 3828, e t c .  

Center  Freq.  450KHz $6.99 each 

3.4/3.0 T y p i c a l  P/B ( ~ ~ z / d b )  GE#H13A1 PHOTO COUPLE? 
T y p i c a l  s topband 6.0160 (KHz/db) INTERRUPTER 
Source & Load 5K - Ohms Ou tpu t  I f  20ua m in .  t o  
Res. Cap. ( p f )  360 $39.99 NEW 200ua max. BKECO 30V 

$1.00 each 

MICROELECTRONICS BROADBAND 
AMPLIFIER, TRW CA602/ 
CA2601BV, 15-270 MHz, 30db 
g a i n  max., 30 VDC s u p p l y  
v o l t a g e  $39.99 each 

GENERAL ELECTRIC METAL 
OXIDE VARISTORS 
V47ZA7 - 3CVRMS 38VDC 
8 .8  energy  89 max clamp 
v o l t a g e .  
V15OLA1 - 150VRMS 200VDC 
8 energy 430 max clamp 
v o l t a g e .  $1.00 each 

LAMBDA ELECTRONICS CORP. 
Model LXD-3-152R, dua l  
r e g u l a t e d  power s u p p l y  
I n p u t  : 105- 137VAC 501 
440Hz, Ou tpu t :  +R- 12 t o  
15VDC @ 400mA, S i z e :  5" 
l o n g ,  3 318" h i g h  x 
3 1 / 8 "  $39.99 

POWERMATE CORP. #P-2208 
POWER SUPPLY, 24VAC i n p u t  
57-63Hz, 4.7 t o  6.4VDC 
o u t p u t  @ 3Amps, S i z e :  
4 718" h i g h  x 1 518" deep 
x 4" $19.99 edch 

NEW MECA COAXIAL DIRECTIONAL 
COUPLER, Model 71 5-1 52 
4 .0  t o  8 . 0  KMC, 19 .0  t o  
21 .0  db 639.99 each 

NEW MICROWAVE ASSOCIATES 
MAG-4000 Microwave C i r c u l a t o r  
2 t o  4 GHz, 20 db i n s .  
3 /10 db l o s s .  1 .15 t o  lSWR 
$39.99 each 

NEW MICROWAVE ASSOCIATES 
MA71508 Microwave C i r c u l a t o r  
1 .71 t o  1 . 8 5  Gliz, 20 db i n s .  
3 /10 db l o s s ,  1 .15  t o  1 SWR 
$39.99 each 

NEW HP3503 MICROWAVE PIN 
SWITCH, . 5  t o  12 .4  GHz 
$39.99 each 

AMPHENOL COAXIAL RELAY 
#327-10582-3, 28VDC C o i l  
BNC Connectors ,  0 t o  1.5GHz 
$49.99 each 

AMPHENOL COAXIAL RELAY 
#323-11506-3, 28VDC Coi 1 , 
1P4T BNC Connectors ,  100 Watts 
RF, 2KW Peak, 0 t o  1 . 5  GHz 
$109.99 each 

AMPHENOL 4360-11891-48 
1P2T, 0 t o  6 GHz, 0 t o  5OOMHz 
500 Watts CW, 5KW Peak, 500 t o  
3 GHz 100 Wat ts  CW, 3KW peak, 
3 GHz t o  6 GHz 50 w a t t s  CW, 
2KW peak, BNC connec to rs  
115VACCo i l  $ 1 0 9 . 9 9 e a c h  

FXR/AMPHENOL #300-11540 
0 - 1 .5  GHz, 100 w a t t s  CW,  1KW 
peak, BNC Connectors  26VDC $39.99 
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CRYSTAG (Odd) Each v a l u e  $2.00 each CRYSTALS . .-- - -- - - (EVEN) 

R. F. CONNECTORS . -- - - - - -- - - - 

SO-239 UHF Female 
PL-259 UHF Ma le  
2-330830-2 UHF Ma le  Cr imp 
225398-9 BNC Female Cr imp 
UG273/U BNC Female t o  UHF Ma le  
UG914/U BNC Female t o  BNC Female 
UG1094/U BNC Fenla 1 e 
UG260/U BNC Ma le  
UG175/U ADP 
M23329/3-05 ~ N C '  Fernal e C r i l ~ ~ p  

BNC Feniale Ct-imp 
BNC F ~ l l l d l e  
N Male  
N Ma le  
N Male  
N Ma le  
SMA Ma le  
SMA Ma le  
SMA Fer~~a 1 e 
C Fr~rla 1 e 

YEW EX-CELL-[I CORPORATION. R r l ~ ~ r x  D i v i s i o n  5:" 
l l ode l  I<F1)4)tO, IlI ' ,C'  DRIVI , ' ? / l o "   wid^, 
5 7/8"  t l i c ~ h ,  :!I' DCPII 5 '09. '40 r a c h  

No RFD 480 COMMIJNICATION EQUIPMENT R ENGINEERING C0. 
3 )  1ti.wrDF bC-157-A1 L o a d i n g  C o i l ,  Type C656 
''8. HIGH 

#' DFF P 
66MH 56.99 eac h 

Check. money o r d e r ,  o r  M a s t e r c a r d ,  and VISA wr l co~ r le .  Plo p e r s o n a l  c h r c k s  01. c e r t i f i e d  
p(?l.sondl checks  f o r  f o r e i r r n  c o u n t t - i e s  accepted. Monity o t -der  o r  c a s h i e r ?  c.hct k i n  U. S .  f unds  
o r l l y .  ~ e t t e r s  o f  c r e d i t .  ? r e  n o t  d ~ c f ? p t a b l ( ~ .  M i n i l ~ ~ u n i  s h i p p i n q  i s  52 .70 1)111s 3 5 ~ / 5 1 0 0 . 0 0  f o r  
ins i l t -ant :e.  P l r a s e  a1 l ow  cx t t -a  s h i p p i n g  charges f o r  h ~ d v y  ot- lor i r j  i ~ C I I I S .  C.O.D. f o r  cash 
o n l v .  A l l  pdr t .s  r e t u r n c d  due t o  c ~ ~ s t o n l f ? r  e r r o r  o r  d e c i s i o r l  w i l l  be  sub je r  t t o  a 15 
r ~ > 5 t O c k  chat-qe. If wr a r e  o u t  o f  dn i tctlll ordet-cd,  we w i  1 1  t r y  t o  r -e l~ ldc f !  ~ t .  w i t h  an ~ ( 1 u a l  
ot- b e t t e r  p a r t  u n l e s s  yot i  s p e c i f y  n o t  t o ,  or. we w i l l  back o r d e r  t.hr2 i ~PIII. 01- re func i  you r  
rnont?y. PRICES SlJBJECT TO CHANGE WITHOUT NOTICC. P t - i ces  supersede a 11 P I - r v i o u s l y  
pub1 i s h e d .  Some i te l l i s  o f f e r e d  a r e  1 i 1 1 1 i t e d  t o  s ~ r ~ a l l  q u a n t i t i e s  and a r r  s u b j e c t  t o  p r i o r  
s a l e .  USE OUR TOLL FREE NUMBER FOR CHARGE ORDERS ONLY FOR S 1 O . O O  OR MORE, NOT INCLUDING 
SHIPPING CHARGES. 800-5%::-3611 . Requests  f o r  i n f o r ~ ~ ~ ~ l  t i o n  must i n c . l u d ~  a \ t . i l ~ i ~ l ) ~ d ,  S C ~  f 
add ressed  enve lope .  R e t u r n  a u t h o r i z a  t i o n  t-eclui r e d  f o r  exchanqc., c r e d i t  or r ~ f u n r l .  ?lo 
c l d i ~ u s  o f  any k i n d  w i l l  be accep ted  a f t e r  60 days .  MINIMUM ORDER 510.00.  NOT INCLUDING 
SHIPPING CHARGES. 

2822 North 32nd StreetlUnit #1 t;OCI-5;!C 361 1 Phoenix, Arizona 85018 
602-956 - 9423 
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AdverTi~ers V 
check-off 

. ...  for literature. in a hurry we'll 
rush, your name  to the  companies 
whose names you "check-off" 
Place  your c h e c k  m a r k  i n  t h e  s p a c e  e t w e e n  
n a m e  a n d  n u m b e r  . Ex: Ham Radio . /234 

Ace Comm 101 
AEA 308 
ACC 102 
Advanced Receiver 

Research - 103 
Alden Elec . 104 . 301 
All Elec 105 
Alpha Delta - 106 
A E E 107 
Aluma Tower - 108 
Amateur Wholesale _ 109 
ARRL 110 
ATV Magaz~ne - 111 
Audm Forum 112 . . 
Augat . . 31 1 
BMG Eng 113 
Barker 6 

W~ll~amson 114 
Barry ' 
Bash Ed Ser - 115 
Rauman Sales 116 
Bjlal 304 
R~var  314 
Buckmaster 117 . 198 
Butternut ' 
Rvtestm 118 
Cnl Ant Sys 119 
Calvert 120 
CPCO 121 
Centurlon 122 
Chemtronics 317 
Cnln Inter 123 
Comm Concepts 124 
Comm Spec 125 . 321 
Comp Trader 126 
Contact East 127 
Control Products 128 
Crorios Enq 316 
D~gllal Mtcro 129 
Dtrect Vldeo 130 
Dnpple~ Systems 131 
Elec Spec . 132 
Encornm 133 
Eng Consult#ng _ 134 
Ferr~rrontcs 135 . 301) 
Fiesher 136 
Fox-Tango 137 
GSM 138 
Galaxy Flec 139 
Giohalman 315 
Global Spec 310 
Goldsm~lh Sclenllflc 140 
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Hallward Prod - 141 
H R R 142 
Ham Shack 143 
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Hell Sound 147 
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Kantronlcs - 156 
Krnwood ' - 305 
Kllovac - 313 
~ o c k h m d  . Onlar~o ' 
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Lowrance - 158 
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MFJ - 160 
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The Comm Center 187 
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Tr~plett 318 
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. . . . . . . . . . . . . . . . . . .  Ace Commun~cations 87 
Advanced Computer Controls . . . . . . . . . . . . . .  90 
Advanced Rece~ver Research . . . . . . . . . . . .  93 
Alden Electron~cs . . . . . . . . . . . . . . . . . . . .  85 
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. . . . . . . . . . . . . . . . . . . .  Buckmaster Publishing 75.86 
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A fresh idea! 
Our new crop of tone equipment is the freshest thing growing in the encoder/decoder 
field today. All tones are instantly programmable by setting a dip switch; no counter 
is required. Frequency accuracy is astonishing 5.1 Hz over all temperature extremes. 
Multiple tone frequency operation is a snap since the dip switch may be remoted. 
Our TS-32 encoder/decoder may be programmed for any of the 32 CTCSS tones. 
The SS-32 encode only model may be programmed for all 32 CTCSS tones plus 
19 burst tones, 8 touch-tones, and 5 test tones. And, of course, there's no 
need to mention our one day delivery and one year warranty. 

a 6- *' COMMUNICATIONS SPECIALISTS 
426 West Taft A\,t.nue, Orange, California 92667 
(800) 854-0547 /California: (714) 998-3021 

E,@z fl  125 SS-32 $29.95, TS-32 $59.95 



MODEL 5025 

POWERFUL 
FLEXIBLE 

FAST 

$239.00 (includes handle not shown) 

RIGHT 

NEW 
The ins~de circuitry of these DMM's use 
SOAR CORP.'s custom 80-pin LSI chip 
lo achieve a low parts count for long 
term stability and accuracy - outside. 
these units are housed in rugged ABS 
plastic cases, each designed for 
strength, durability and ease of use. 

POWERFUL 
The 3025 and 5025 have a built-in 
comparator circuit that allows you to 
set a high and low limit for any function 
and range. This feature permlts you to 
perform lncoming component tests on 
Items like resistors, right on through the 
confirming of logic levels In digital cir- 
cuits. You don't even have to look at the 
readout since the beeper tells you if the 
measured value is within your pre-set 
limits- and it does it to an accuracy 
spec equal to that of the DMM's. 

FLEXIBLE 
All of these advanced design models 
can be operated either auto or manual 
range* You now have the best of two 
technologies available with the push of 
a switch. Models 3030 at $1 39.00 and 
5030 at $1 69.00 are the same as the 
302515025 but less comparator. Model 
3050 less comparator and DCV ac- 
curacy of + 0.5O/0 is available for a 
modest $1 09.00 each. *except current 

FAST 
You bet! In the manual range mode, all 
readings are displayed in one second 
or less, and around two seconds or less 
in the auto range mode. The continuity 
beeper sounds in less than a half 
second, we use tactile switches for fast 
positive function/range selection, and 
an easy access battery/fuse compart- 
ment make their inspection and re- 
placement a snap. 

NORTH SO R 
AMERICAN -1 

SOAR CORP. MODELS 3025 & 5025 

DEL 302 
- .  

RIGHT 
Sure it is! In addition to what we have 
already stated, these DMM's have 10 
ampere AC/DG ranges, measure re- 
sistance from 0 111 through 20 MR, 
and they can withstand a surge of up to 
6000V. The input impedance IS a stand- 
ard 1 OM Ohms except on the 200 mV 
range. where the input is a very high 
1000M Ohms, so you don't load down 
your test circuit, therefore, improving 
low voltage reading accuracy. The DC 
accuracy spec. is +0.25O/0 with calibra- 
tion guaranteed for one year. The read- 
outs have full annunciators so you 
know precisely the displayed value. 

These SOAR CORP. DMM's are sup- 
plied with batteries, spare fuse and safe- 
ty test leads, with one year parts and 
labor warranty. SOAR products are 
available from selected Distributors 
throughout North and South America. 

1126 CORNELL AVENUE 
CHERRY HILL. N.J. 08002 
(609) 488-1060 
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